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(54) Toner, image forming method and process-cartridge 



(57) A toner exhibiting good balance of low-temper- 
ature fixabi I ity, an anti-offset characteristic and a devel- 
oping performance in continuous image formation is 
formed of at least a binder resin, a colorant and a wax. 
The toner exhibits a dielectric loss tangent showing a 
maximum of 6.0x1 0" 2 to 1 0.0x1 0" 2 in a temperature 



range of 90 to 125 °C. The toner provides a DSC curve 
showing at least one heat-absorption peak or shoulder 
in a temperature range of 85 to 140 °C on temperature 
increase according to differential scanning calorimetry 
(DSC). The binder resin comprises a hybrid resin having 
a vinyl polymer unit and a polyester unit. 
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Description 

FIELD OF THE INVENTION AND RELATED ART 



[0001] The present Invention relates to a toner for use in a recording method utilizing electrophotography, electrostatic 
recording, electrostatic printing or toner jetting; and also an image forming method and a process-cartridge using the 
toner. 



[0002] In electrophotographic process in general, an electrostatic latent image is formed on a photosensitive member 
by various means and developed with a toner to form a toner image. The toner image is then transferred onto a transfer 
(-receiving) material such as paper, as desired, and then fixed, e.g., by heating, pressing or heating and pressing, or 
with solvent vapor, to obtain a fixed toner image. 

[0003] Regarding the final step of fixing the toner image onto a sheet (fixation sheet) of , e.g. , paper, various methods 
and apparatus have been developed, and the currently most popular systems adopt a pressure-heating scheme using 
hot rollers or a fixed heat-generating heater via a heating film. 

[0004] In the pressure-heating scheme using hot rollers, a fixation sheet carrying a toner image is caused to pass 
through a heating roller while the heating roller surface and the fixation sheet surface carrying the toner image are 
caused to contact each other, thereby fixing the tone* image onto the fixation sheet. In this method, the heating roller 
surface and the toner image on the fixation sheet are caused to contact each other under pressure, the heat efficiency 
for melt-bonding the toner image onto the fixation sheet is very good, thereby allowing quick fixation. 
[0005] However, as the toner image in a softened and melted state is caused to contact the heating roller surface 
under pressure, a portion of the toner image can be attached and transferred onto the heating or fixing roller surface 
and re-transferred to a subsequent fixation sheet to soil the subsequent fixation sheet. This is called an offset phe- 
nomenon. The offset phenomenon is largely affected by the fixing speed and the fixing temperature. Generally, in the 
case of a slow fixing speed, the heating (i.e., fixing) roller surface temperature is set to be relatively low, and in the 
case of a fast fixing speed, the heating roller surface temperature is set to be relatively high. This setting change is 
adopted in order to supply a constant amount of heat for fixation to a toner image regardless of the fixing speed. 
[0006] A toner image on a fixation sheet is composed of a number of toner particle layers. As a result, in the case 
of a high fixing speed requiring a higher heating roller surface temperature, a large temperature difference occurs 
between the uppermost toner particle layer directly contacting the heating roller and the lowermost toner particle layer 
contacting the fixation sheet. A higher heating roller surface temperature is liable to excessively soften and melt the 
uppermost toner particle layer to result in an offset phenomenon. On the other hand, a lower heating roller surface 
temperature is liable to fail in sufficiently melting the lowermost toner particle layer for fixation and cause a fixation 
failure of the toner onto the fixations sheet, thus resulting in a so-called low-temperature offset phenomenon. 
[0007] For solving the above-mentioned difficulties, it has been generally practiced to increase the fixing pressure 
in the case of a high fixing speed, thereby anchoring the toner onto the fixation sheet. By this measure, the heating 
roller temperature can be lowered to some extent, thereby alleviating the high -temperature offset phenomenon. In this 
case however, a very large shearing force is applied to the toner layer, thereby causing difficulties, such as winding 
offset of the fixation sheet being wound about the fixing (i.e., heating) roller, and separation claw traces (in the fixed 
toner image) due to action of separation claws for separating the fixation sheet from the fixing roller. Further, because 
of a high fixing pressure, e.g., line images are liable to be collapsed or a portion of the toner image is scattered to 
deteriorate the fixed toner images. 
[0008] Hitherto, the improvement in toner offset phenomenon and the improvement in toner fixability have been 
regarded as an identical problem, but the conventional solution therefor by an improvement in molecular weight dis- 
tribution of toner binder resin and the addition of a low-melting point wax can result in only limited and insufficient levels 
45 of improvements in fixability and anti-offset property. 

[0009] Other trials of improving the releasability of a fixing member and a cleaning member may be effective for 
achieving a sufficient offset-preventing performance in an initial stage of use but can consequently result in offset 
phenomenon in a long period of use due to deterioration with time of the members if the releasability of the toner per 
se is insufficient. 

[0010] For impart a toner with a releasability, the toner is caused to contain a wax in some cases, but a large amount 
of wax has to be contained for maintaining a sufficient offset-preventing effect even by using a fixing member and a 
cleaning member which have been deteriorated with time. In such a case, the toner is liable to suffer from difficulties 
with its developing performance, such as a lowering in image density and an increase in fog density, and it becomes 
difficult to control the dispersion state of a wax contained in toner particles, so that the toner is liable to contain a large 
amount of isolated wax, which is liable to result in toner cleaning failure on the photosensitive member leading to image 
defects. ' D 

[0011] More specifically, waxes are added in the toner production stage in order to improve the toner releasability 
and fixability, but the uniform dispersion of waxes in toner particles is not so easy, and insufficient dispersion of wax is 
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liable to result in problems not only in toner fixability but also in developing performance of the toner. These problems 
are particularly noticeable in recent development of toners of which the particle size is becoming smaller in recent years. 
[0012] Regarding proposals in recent years, JP-A 6-11 8700 has disclosed a toner having tan 5 values at room tem- 
perature and a high temperature giving a ratio falling within a specific range so as to suppress a lowering in chargeability 
5 in a high temperature region, but the dispersibility of a wax in toner particles has not been improved. 

[0013] JP-A 61 -279864 has disclosed a toner having specified shape factors SF-1 and SF-2, and JP-A 63-235953 
has disclosed a toner made spherical by application of a mechanical impact force s but the improvements in toner 
transferability and fixability are insufficient. 

[001 4] JP-A 1 0-97095 and JP-A 1 1 -202557 have disclosed toners having specific circularity values in order to provide 
10 a toner with an improved transferability. JP^A 11-149175 has disclosed a toner surface-treated by application of a 
mechanical impact force in order to provide improvements in toner transferability, scattering at the time of fixation, etc. 
These toners have been improved in transferability but have left room for improvement regarding uniform wax disper- 
sion in toner particles. 

[0015] JP-A 57-171345 has disclosed a developer containing as a binder a copolymer of styrene monomer, (meth) 
is acrylic monomer and unsaturated polyester resin. JP-A 62-1 95681 has disclosed a developer containing as a principal 
binder component a polyester resin which contains a specific proportion of vinyl resin having a specific molecular weight 
and a glass transition temperature. These developers have not been sufficiently improved with respect to fixability and 
wax dispersibility. 

[0016] JP-A 11-153885 has disclosed a toner containing a binder resin obtained by reaction between a polyester 
20 resin having a specific molecular weight and a vinyl polymer having a specific structure, but the fixability and wax 
dispersibility have not been sufficiently improved. 

[0017] JP-A 2000-56511 has disclosed a toner containing a binder resin which contains a hybrid resin component, 
a specific proportion of insoluble matter within a specific solvent and a tetrahydrofu ran -soluble content having a specific 
molecular weight distribution, but the toner has left a room for improvement regarding the image forming performance 

25 in a high temperature/high humidity environment. 

[0018] JP-A 9-146292 has disclosed a toner containing pofyalkylene fine particles having a specific dynamic friction 
coefficient and providing a fixed toner image showing a specific range of contact angle, and JP-A 9-244294 has dis- 
closed a toner containing specific polyalkylene fine particles having a specific dynamic friction coefficient and having 
a specific relationship between contact angle and dielectric loss tangent of toner, in order to improve the fixability and 

30 fog. The transferability and wax dispersibility of the toners have not been improved, and the improvement in fixability 
is insufficient. 

[0019] JP-A 2000-47428, JP-A 2000-47429 and JP.A 2000-47430 have disclosed a toner having specific contact 
angles in order to improve the toner fixability and reduce the toner attachment onto the fixing member, but the improve- 
ment in transferability of the toner is not sufficient. 
35 [0020] JP-A 2000-284531 has disclosed a toner having a specific dielectric loss tangent and containing an organic 
zirconium compound as a charge control agent, but the improvement in transferability of the toner is not sufficient. 

SUMMARY OF THE INVENTION 

40 [0021] An object of the present invention is to provide a toner containing a wax in a good dispersion state within 
toner particles and excellent in low-temperature fixability and anti-high-temperature offset characteristic. 
[0022] Another object of the present invention is to provide a toner giving a stable image density in normal temper- 
ature/normal humidity and high temperature/high humidity environments, when used in a medium- to high-speed image 
forming apparatus including a hot roller fixing device or a medium- to low-speed image forming apparatus including a 

45 pressure-fixing means comprising a fixed exothermic heater for heating via a heat-resistant film. 

[0023] Another object of the present invention is to provide a toner comprising toner particles containing a wax in a 
well-dispersed state and showing improved anti-toner attachment and anti-offset characteristic even with fixing mem- 
bers which have been deteriorated with time. 

[0024] Further objects of the present invention are to provide an image forming apparatus and a process-cartridge 
50 including such a toner as described above. 

[0025] According to the present invention, there is provided a toner comprising: at least a binder resin, a colorant 
and a wax, wherein 

(a) the toner exhibits a dielectric loss tangent showing a maximum of 6.0x1 0" 2 to 1 0.0x10- 2 in a temperature range 
55 of 90 to 125 °C, 

(b) the toner provides a DSC curve showing at least one heat-absorption peak or shoulder in a temperature range 
of 85 to 140 °C on temperature increase according to differential scanning calorimetry (DSC), and 

(c) the binder resin comprises a hybrid resin having a vinyl polymer unit and a polyester unit. 
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[0026] According to the present invention, there is also provided an image forming apparatus, comprising: 

mentfo^t?" 9 ?? ° f deVelopin9 an electrostatic image carried on an image-bearing member with the above- 
mentioned toner to form a toner image; 

wln^r St ? ° f t ' ansferrin 9 the toner ima 9 e on the image-bearing member onto a recording material via or 
without via an intermediate transfer member; and 

(III) a fixing step of heat-fixing the toner image onto the recording material. 

Cfon^inairi^rr ^° P ? V ' deS 3 P rocess - cartrid 9* detachably mountab.e to a main assembly of an 
Hearing r^rnber 3 ' ma9e ^ deVe, ° ping 30 e,ectros *atic latent image formed on an Image- • 

electr^Slf^ Pr0CeSS " Cart . rid9e inClUdeS (,) 3 " ima 9*-bearing member, (ii) a developing means for developing an 
on^he?m«nih ' ma9e T" °" the ^^nng member with the above-mentioned toner to form a toner image 

for chaZn th " 9 m K mber ' (iH) 31 ' eaSt ° nS meanS S6leCted from *• 9 ro "P consis *"9 °' a charging means 
S££2T2 ,mage * eann 9 member ' a Went image-forming means forforming the electrostatic latent image on 

m^T; 9 ^ mber ' atransfermeansfo 

tTrecor^^^ 

a^nsidemt!™ nfT? n *"* 3dV3nta 9 es ° f tne P^ent invention will become more apparent upon 

^^Z^T^ 0 ° f ° f PreS6nt inVenti ° n t3ken E COnjUncS ° n 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0029] 

rSl e L 1 and f 3 reSpeCtive 'y illu stratean example of imageforming apparatus suitable for practicing an embodiment 
of the image forming method of the invention. 

Figure 2 is an enlarged view of a developing section of the image forming apparatus shown in Figure 1 

Tn emhtnim fr 0*?™ °l 8 f3CSimile ^P 3 ^ 8 svstem includin 9 an image forming apparatus for practicing 
an embodiment of the .mage forming method according to the invention as a printer 

the invent!on. fl0W ^ illUStr3tin9 30 examp,e of toner Paction process suitable for producing the toner of 

Figure 6 illustrates an example of the apparatus system for practicing the toner production process 

Figure 7 is a schematic sectional view of a mechanical pulverizer used in a toner pulverization step 

Figure 8 is a schematic sectional view of a D-D' section in Figure 7. 

Figure 9 is a perspective view of a rotor contained in the pulverizer of Figure 7 

S J 3 f he Tl C , S6C ?° nal Vi6W ° f 8 multi - division Pneumatic classifier used in a toner classification-step 
Figure 1 1 is a flow chart for illustrating a conventional toner production process 

nn»Ll*l S J t Schemat ' c s ^ tional view of an example of classifier used as a first classification means used in a 
conventional toner production process. 

Figure 1 3 is a schematic sectional view of a conventional impingement-type pneumatic pulverizer. 
DETAILED DESCRIPTION OF THE INVENTION 

SricLThi?l diSCO r red . by " S th3t 3 t0ner com P risin 9 a hvbrid as a binder resin and satisfying specific 

2?S^S!Sr 0n CnaraC ; h enstiCS iS 6ffeCtiVe f ° r impr ° Ving the deVe,0pin 9 Performance, trans/erability and 

KSlt TT' reS ' StanCe l ° t0ner attaChment and ° ffSettin9 ° nt ° fixi "9 "«•"*«. which have 
Deen aetenorated with time due to continual use. 

auen'cl oMOO *h?!h ^ ^ ^ * 1™*™ eMbitS 3 die,eCtric ,oss ta " 9ent 88 at a fre- 

6 9X1^2 L ^0xTc 2 fT 9 8 m ? mUm ° f 6 0X1 °' 10 10 0X1 °" 2 ' Preferab ' y 6 - 5x1 °- 2 10 9 0x1 °- 2 ' furthe ' P"*"** 
b.axi o * to 8.0x1 0 z , in a temperature range of 90 to 125 °C. 

[0032] "n a toner containing a binder resin comprising a hybrid resin, the binder resin is liable to contain a lame 

rzti™ 2r uran) T'? matter ' s ° that the dispersi ° n ° f addttives - such - a ™Jinsiss 

to Sox^ a T 93 m3X,mUm in 3 tem P e ^ure range of 90 - 125 »C. and the maximum is in the range of 6 0«£ 
to 1 0.0x1 0-2, a good dispersion of the additives can be accomplished 

[0033] In any of the case where the dielectric loss tangent has no maximum in the temperature range of 90 to 125 
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°C, the case where the maximum exceeds 1 0.0x1 0 2 and the case where the maximum is below 6.0x1 0 -2 the devel- 
oping performance becomes inferior, particularly the image density after standing in a high temperature/high humidity 
environment is remarkably lowered, and the image stability during a continuous image formation is liable to be inferior, 
as represented by a lowering in image density, not only in the high temperature/high humidity environment. 
5 [0034] The values of dielectric loss tangent of a toner principally depend on the binder resin composition but are also 
affected by the surface characteristic and components present at the surface of the toner (particles). Accordingly, the 
dielectric loss tangent values can be controlled by selection of the binder resin and wax and can also be controlled by 
selection of toner production conditions. 

[0035] The effects of the present invention become particularly pronounced especially when the toner has a specific 
io circularity. More specifically, it is preferred that the toner of the present invention contains toner particles of 3 nm or 
larger including at least 70 % by number of particles having a circularity (Ci) ^ 0.950. It is further preferred that the 
particles having Ci ^ 0.950 occupy 70 - 95 % by number, more preferably 75 - 93 % by number, particularly preferably 
70 - 90 % by number, of the toner particles of 3 urn or larger. In the case where the particles of Ci > 0.950 are less than 
70 %, the toner is liable to have insufficient transferability and exhibit inferior fixability and developing performance 
'5 because of an increase in total specific surface area and increased probability of liberation of magnetic material, wax, 
etc. from the toner particles. Also in this case, it becomes difficult to control the dielectric loss tangent. On the other 
hand, in the case where the particles of Ci ^ 0.950 exceed 95 %, the toner is liable to be excessively charged in the 
low humidity environment, and the control of dielectric loss tangent of the toner is liable to be difficult. 
[0036] The toner according to the present invention may preferably have an acid value (Av) of 1 to 30 mgKOH/g, 
20 more preferably 5 to 25 mgKOH/g, further preferably 7 - 20 mgKOH/g. If the acid value is below 1 mgKOH/g or above 
30 mgKOH/g, the image density is liable to be lowered during image formation in a high temperature/high humidity 
environment, and the image density stability is liable to become inferior due to a lowering in image density also in a 
continuous image formation. 

[0037] The binder resin of the toner according to the present invention may preferably contain 5 to 60 wt. %, more 
25 preferably 1 0 to 50 wt. %, further preferably 15to40wt %, of THF- insoluble matter. If the THF-insoluble matter content 
is below 5 wt. % of the binder resin or above 60 wt. %, it becomes difficult to provide a good combination of low- 
temperature fixability and anti high -temperature offset characteristic. 

[0038] The binder resin of the toner according to the present invention comprises a hybrid resin having a polyester 
unit and a vinyl polymer and may preferably comprise at least 50 wt. %, more preferably at least 55 wt. %, further 
30 preferably at least 60 wt. %, of such a hybrid resin. The remainder of the binder resin may include a vinyl polymer and/ 
or a polyester as a precursor of the hybrid resin, and another optionally added polymer. 

[0039] The THF-soluble content of the binder resin may principally have a molecular weight distribution as measured 
by GPC (gel permeation chromatography) showing a main peak, i.e., a peak molecular weight (Mp), in a molecular 
weight region of 3,000 to 15,000, a ratio (Mz/Mw) of 30 to 1,000 between a Z-average molecular weight (Mz) and a 

35 weight-average molecular weight (Mw); more preferably Mp in a molecular weight region of 5,000 to 12,000 and a ratio 
(Mz/Mw) of 50 to 700; further preferably Mp in a region of 6,000 to 1 0,000 and a ratio (Mz/Mw) of 1 00 to 500. If Mp is 
outside the molecular weight region of 3,000 to 15,000, it becomes difficult to provide a good combination of low- 
temperature fixability and anti-high -temperature offset characteristic even if the ratio (Mz/Mw) is in the range of 30 to 
1 ,000. On the other hand, if the ratio (Mz/Mw) is below 30 or above 1 000, it becomes difficult to provide a good com- 

40 bination of low-temperature fixability and anti- high-temperature offset characteristic, even if Mp is in the molecular 
weight region of 3,000 to 15,000. 

[0040] The presence of a hybrid resin in a binder resin can be confirmed according to 13 C-NMR measurement by a 
signal attributable to a carboxyl group appearing at a position (of e.g., ca. 168 ppm) different from positions (of, e.g., 
ca. 1 72 ppm and ca. 1 74 ppm) of signals attributable to carboxyl groups constituting esters or carboxylic acids consti- 

45 tuting polyesters or a position (of ca. 1 76 ppm) of a signal attributable to a carboxyl group of (meth)acrylate ester 
constituting a vinyl polymer. A non-magnetic toner sample can be subjected to the~ 13 C-NMR measurement as it is. In 
the case of a magnetic toner, however, it is appropriate to remove the magnetic material from the toner, e.g., by stirring 
the toner with a cone, hydrochloric acid aqueous solution for 70 to 80 hours at room temperature, and subject the 
remaining resin sample to 13 C-NMR measurement, since the magnetic material can obstruct the resolving power 

so of 13 C-NMR. 

[0041] Some examples of 13 C-NMR spectra are shown in Table 1 below. 
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Table 1 



10 



15 



20 



Identification of carboxyl group signal in 13 C-NMR 


Position 


*3ca.168ppm 


*1 ca.172ppm 


*1 ca.174 ppm 


*2 ca.176 ppm 


Polyester 




o 


o 




Vinyl polymer 








0 


•* Hybrid resin 


0 


o 


o 


0 



*1 : Signals attributable to carboxyl groups of aliphatic dicarboxylic acids giving a polyester. 
*2: A signal attributable to a carboxyl group of an acrylate ester giving a vinyl polymer 
*3: A newty found signal attributable to a carboxyl group in a hybrid resin. 

[0042] The polyester (unit constituting or) used for providing the hybrid resin as a binder resin (component) may be 
produced from monomers as described below. 

[0043] Diols, such as ethylene glycol, propylene glycol, 1,3-butanediol, 1 ,4-butanediol, 2,3-butanediol, diethylene 
glycol, triethylene glycol, 1 ,5-pentanediol, 1 ,6-hexanediol, neopentyl glycol, 2-ethyl-1 ,3-hexanediol, hydrogenated bi- 
sphenol A, bisphenols and derivatives represented by the following formula (2) and diols represented by a formula (3) 
below: 



25 



CH- 



H-fOR^ 



CH 3 



(2), 



30 wherein R denotes an ethylene or propylene group, x and y are independently an integer of at least 1 with the proviso 
that the average of x+y is in the range of 2 - 1 0; 

(7-2) 
35 [00^4] 
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H-OR ■ -0-^>-0-R • O-H 



(3) 
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wherein R' denotes an ethylene, propylene or tert-butylene group. 

[0045] Examples of acid components may include benzenedicarboxylic acids, such as phthalic acid, isophthalic acid 
and terephthalic acid, and their anhydrides; alkyldicarboxylic acids, such as succinic acid, adipic acid, sebacic acid 
and azelaic acid, and their anhydrides; C 6 - C 18 alkyl- or alkenyl-substituted succinic acids, and their anhydrides; and 
unsaturated dicarboxylic acids, such asfumaric acid, maleic acid, citraconic acid and itaconic acid, and their anhydrides. 
[0046] The polyester used for providing the hybrid resin may preferably comprise a mixture of a saturated polyester 
and an unsaturated polyester in a weight ratio of 50:1 to 1 :1 , more preferably 30:1 to 3:1, further preferably 20:1 to 5: . 
1 . If the ratio exceeds 50:1 and the unsaturated polyester amount is below the range, the addition polymerization with 
a vinyl polymer is liable to be insufficient to result in a toner having an insufficient anti-high-temperature offset charac- 
teristic. On the other hand, if the ratio is below 1 :1 so that an unsaturated polyester is used excessively, the resultant 
toner is liable to have inferior low-temperature fixability. 

[0047] Regardless of whether it is saturated or unsaturated, the polyester constituting the hybrid resin may preferably 
have a hydroxyl value (OHv) of 10 to 70 mgKOH/g and a ratio (Av/OHv) of 0.1 to 2 between the acid value (Av) and 
the hydroxyl value (OHv); more preferably OHv = 15 to 60 mgKOH/g and Av/OHv = 0.5 to 1 .5; particularly preferably 
OHv = 20 to 50 mgKOH/g and Av/OHv = 0.7 to 1.2. If OHv is below 10 mgKOH/g, the esterification with the vinyl 
polymer is liable to be insufficient to result in a toner having an insufficient anti- high -temperature offset characteristic. 
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(J OHv is above 70 mgKOH/g, the esterif ication with the vinyl polymer is liable to be excessive to result in a toner having 
an inferior low-temperature fixability. 

[0048] Regardless of being saturated or unsaturated, the polyester constituting the hybrid resin may preferably have 
a weight-average molecular weight (Mw) of 2,000 to 50,000 and a ratio (Mw/Mn) of 2 to 20 between Mw and number- 
average molecular weight (Mn); more preferably Mw = 3,000 to 20,000 and Mw/Mn = 2.5 to 1 ; particularly preferably 
Mw = 5,000 to 1 5,000 and Mw/Mn = 2.7 to 5. If Mw is below 2,000 and Mw/Mn is below 2 or above 20, the resultant 
toner is liable to have an insufficient an ti -high-temperature offset characteristic. On the other hand, if Mw exceeds 
1 0,000 and Mw/Mn is below 2 or above 1 0, the resultant toner is liable to have an inferior low-temperature fixability. 
[0049] The vinyl polymer (unit constituting or) used for providing the hybrid resin may preferably comprise a copol- 
ymer of styrene monomer and another vinyl monomer, examples of which may include: styrene derivatives, such as 
vinyltoluene; acrylic acid; acrylates, such as methyl acrylate, ethyl acrylate, butyl acrylate, dodecyl acrylate, octyl acr- 
ylate : 2-ethylhexyl acrylate, and phenyl acrylate; methacrylic acid; meth acrylates, such as methyl methacrylate, ethyl 
methacrylate, butyl methacrylate, dodecyl methacrylate, octyl methacrylate, 2-ethylhexyl methacrylate and phenyl 
methacrylate; unsaturated dicarboxylic acids and mono- or di-esters thereof, such as maleic acid, maleic anhydride 
monobutyl maleate, methyl maleate and dimethyl maleate; acrylamide, meth aery I amide, acrylonrtrile, methacrylonitrile; 
butadiene; vinyl chloride, vinyl acetate, vinyl benzoate; ethylene olefins, such as ethylene, propylene and butylene; 
vinyl ketones, such as vinyl methyl ketone and vinyl hexyl ketone; and vinyl ethers, such as vinyl methyl ether, vinyl 
ethyl ether and vinyl isobutyl ether. These vinyl monomers may be used singly or in mixture of two or more species. 
[0050] The vinyl polymer (unit) used for constituting the hybrid resin may be produced by using a polymerization 
initiator, examples of which may include: 2,2-azobisisobutyronitrile, 2,2'-azobis(4-methoxy-2,4-dimethylvaleronitrile), 
2,2'-azobis(2,4-dimethyl-valeronitrile), 2,2 , -azobis(2-methylbutylonitriie), dimethyl^^'-azobisisobutyrate, 1 ,r-azobis 
(1-cyclohexanecarbonitrile), 2-(carbamoylazo)-isobutyronitrile, 2,2 , -azobis(2 > 4,4-trimethylpentane), 2-phenylazo- 
2,4-dimethyl-4-methoxyvaleronitrile J 2,2'-azobis(2-methylpropane); ketone peroxides, such as methyl ethyl ketone per- 
oxide, acetylacetone peroxide, and cyclohexanone, peroxide; 2,2-bis(t-butylperoxy)-butane, t-buty (hydroperoxide, 
cumene hydroperoxide, 1 ,1 ,3,3-tetramethylbutyl hydroperoxide, di-tert-butyl peroxide, t-butyl cumyl peroxide, dicumyl 
peroxide, o^a'-bisft-butylperoxyisopropyljbenzene, isobutyl peroxide, octanoyl peroxide, decanoyl peroxide, lauroyl 
peroxide, 3,5,5-trimethylhexanoy! peroxide, benzoyl peroxide, m-trioyl peroxide, diisopropyl peroxydicarbonate, di- 
2-ethylhexyl peroxydicarbonate, di-n-propyl peroxydicarbonate, di-2-ethoxy ethyl peroxydicarbonate, di-methoxyiso- 
propyl peroxydicarbonate, di(3-methyl-3-methoxybutyl) peroxycarbonate, acetylcyclohexylsulfonyl peroxide, t-butyl 
peroxyacetate, t-butyl peroxyisobutyrate, t-butyl peroxyneodecanoate, t-butyl peroxy-2-ethylhexanoate, t-butyl perox-. 
ylaurate, t-butyl peroxybenzoate, t-butyl peroxyisopropylcarbonate, di-t-butyl peroxyisophthalate, t-butyl peroxyallyl- 
carbonate, t-amyl peroxy-2-ethylhexanoate, di-t-butyl peroxyhexahydroterephthalate, and di-t-butyl peroxyazelate. 
[0051 ] In the present invention , it is preferred that the vinyl polymer unit and/or the polyester unit components contain 
a monomer component reactive with these polymer units. Examples of such a monomer component constituting the 
polyester resin and reactive with the vinyl polymer unit may include: unsaturated dicarboxylic acids, such as fumaric 
acid, maleic acid, citraconic acid and itaconic acid, and anhydrides thereof. Examples of such a monomer component 
constituting the vinyl polymer unit and reactive with the polyester unit may include: carboxyl group-containing or hy- 
droxyl group-containing monomers, and (meth)acrylate esters. 

[0052] In order to obtain a binder resin mixture containing a vinyl polymer, a polyester and a hybrid resin (i.e., a 
reaction product between the vinyl polymer and the polyester), it is preferred to effect a polymerization reaction for 
providing one or both of the vinyl polymer and the polyester in the presence of a polymer formed from a monomer 
mixture including a monomer component reactive with the vinyl polymer and the polyester as described above. 
[0053] The hybrid resin used as a principal component in the binder resin of the toner according to the present 
invention may preferably comprise a polyester unit and a vinyl polymer unit bonded to each other in a weight ratio of 
20:80 to 70:30, more preferably 40:60 to 50:50. If the polyester unit content in the hybrid resin is below 20 wt. % or 
above 70 wt. %, it becomes difficult to obtain a good combination of a low-temperature-fixability and a high-temperature- 
offset characteristic. 

[0054] A resin composition comprising such a hybrid resin, a vinyl copolymer and a polyester resin and is suitable 
for use a principal constituent of the binder resin of the toner according to the present invention may for example be 
produced according to the following methods (1 ) to (6). 

(t) A vinyl polymer is first produced, and in the presence thereof, a polyester and a hybrid resin component are 
produced. The hybrid resin may be produced through a reaction of the vinyl polymer (and a vinyl monomer optionally 
added) with polyester monomers (such as an alcohol and a carboxylic acid) and/or a polyester. In this case, an 
organic solvent may be used as desired. During the production, a wax may preferably be added in this step. 
(2) A polyester is first produced, and in the presence thereof, a vinyl polymer and a hybrid resin are produced. The 
hybrid resin may be produced through the reaction of the polyester (and polyester monomers optionally added) 
with vinyl monomers and/or a vinyl polymer. A wax may preferably be added in this step. 
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(3) A vinyl polymer and a polyester are first produced, and in the presence of these polymers, vinyl monomers 
and/or polyester monomers (alcohol and carboxylic acid) are added thereto for polymerization and transesterifi- 
cation. Also in this instance, an organic solvent may be used as desired. A wax may preferably be added in this step. 

(4) A hybrid resin is first prepared, andthen vinyl monomers and/or polyester monomers are added to effect addition 
polymerization and/or polycondensation. In this instance, the hybrid resin may be one prepared in the methods of 
(1) - (3), or may be one produced through a known process. An organic solvent may be added as desired A wax 
may preferably be added in this step. 

(5) A vinyl polymer, a polyester and a hybrid resin are separately formed and then blended. The blending may be 
performed by dissolving or swelling the polymers in an organic solvent, such as xylene, followed by distillinq-off 
of the solvent. a 

Preferably, a wax may be added in the blending step. The hybrid resin may be produced as a copolymer by dis- 
solving or swelling a vinyl polymer and a polyester prepared separately in advance in a small amount of an organic 
solvent, followed by addition of an esterification catalyst and amalcohol and heating to effect transesterification 
The hybrid resin may also be produced through any of the above-mentioned methods (1 ) - (3). 

(6) Vinyl monomers and polyester monomers (alcohol and carboxylic acid) are mixed to effect addition polymeri- 
zation and polycondensation successively to provide a vinyl polymer, a polyester and a hybrid resin. An organic 
solvent may be added as desired. A wax may preferably be added in this step. 

[0055] In the above methods (1 ) - (5), the vinyl polymer and/or the polyester may respectively comprise a plurality 
of polymers having different molecular weights and crosslinking degrees. 

[0056] In the above-described methods (1 ) - (6), the method (2) may be preferred because of easy molecular weight 
control of the vinyl polymer (unit), controllability of formation of the hybrid resin and control of the wax dispersion state 
if the wax is added at that time. ■ r, 

[0057] The binder resin of the toner according to the present invention may principally comprise the hybrid resin and 
the above-mentioned vinyl polymer and/or polyester as precursor(s) of the hybrid resin but can further contain another 
polymer, examples of which may include: vinyl polymers in a sense of including vinyl copolymers, polyester resins 
polyol resins, phenolic resins, natural resin-modified phenolic resin, natural resin-modified maleic acid resin acrylic 
resin, methacrylic resin, polyvinyl acetate resin, silicone resin, polyurethane resin, furan resin, epoxy resin xylene 
resin, polyvinyl butyral resin, terpene resin, coumarone-indene resin, and petroleum resin. Among these, vinyl polymers 
(e.g., copolymers of styrene and (meth) aery late ester) and polyester resins are preferred, and they can be of the same 
or different species as the vinyl polymer and/or the polymer as the precursors) of the hybrid resin. 
[0058] The toner according to the present invention contains a wax and, as a result, may preferably provide a DSC 
heat absorption curve obtained by use of a differential scanning calorimeter (DSC) exhibiting a heat absorption peak 
or shoulder in a temperature range of 85- 140 °C, more preferably 90-135 °C, further preferably 95- 130 °C If no 
peak or shoulder of heat absorption is present in the temperature range of 85-140 °C, toner is liable to attach to the 
fixing member, thus resulting in noticeable fog. 

[0059] The wax contained in the toner of the present invention may preferably have a molecular weight distribution 
according to GPC showing a main peak molecular weight (Mp) of 300 - 20000 and a ratio (Mw/Mn) of 1 0 to 20 more 
preferably Mp = 500-1 5000 and Mw/Mn = 1.1-18, further preferably Mp = 700 - 1 0000 and Mw/Mn = 1 .2 to 1 5 If Mp 
is below 300, the wax dispersion particle size in toner particles is liable to be excessively small. If Mp is above 20000 
or Mw/Mn is above 20, the wax dispersion particle size is liable to become excessively large. In any of the above cases 
the control of wax dispersion particle size becomes difficult so that it is difficult to achieve a good dispersion state of 
wax in the toner particles. 

[0060] The wax contained in the toner of the present invention may preferably comprise: hydrocarbon wax, polyeth- 
ylene wax, polypropylene wax, hydroxyl group- or carboxyl group-containing wax, or a modified wax obtained by mod- 
ifying such a wax with a vinyl monomer. 

[0061 ] The hydrocarbon wax preferably used in the present invention may preferably comprise synthetic hydrocarbon 
wax obtained from distillation residue of hydrocarbons synthesized from carbon monoxide and hydrogen by the Arge 
process, or from a hydrogenation product of the distillation residue. Such hydrocarbon wax may be further subjected 
to factionation before use, e.g., by press-sweating, solvent factionation, or precipitation. 

[0062] The hydroxyl group- or carboxyl group-containing wax may be one represented by the following formula (1): 

CH 3 -(CH 2 -CH 2 ) a -CH 2 -CH 2 -A 

wherein A denotes a hydroxyl group or a carboxyl group, and a denotes an integer of 20 - 60. 

[0063] The wax used in the present invention may more preferably be a wax modified with a vinyl monomer or an 
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acid group-containing monomer, further preferably be a hydrocarbon wax modified with such a vinyl monomer or an 
acid group-containing monomer. It is particularly preferred to use a hydrocarbon wax modified with an aromatic vinyl 
monomer, or a polyethylene wax modified with a maleic acid monoester or maleic anhydride. Such a wax may preferably 
be added to a binder resin during a process or step for producing a binder resin composition including the hybrid resin. 

5 The wax dispersion can be improved by modification with a vinyl monomer. In the case where the wax dispersion state 
is excellent, the melt viscosity of a toner composition in the melt-kneading step for toner production can be retained at 
a level suitable for dispersion of additives, inclusive of a magnetic material or a colorant; thereby improving the disper- 
sion of the additives. As a result, it becomes possible to suppress the occurrence of isolated wax or isolated magnetic 
material, etc., thereby facilitating the control of the dielectric loss tangent of the toner in the range prescribed by the 

10 present invention. 

[0064] Examples of such a monomer usable for the wax modification may include: styrene; styrene derivatives, such 
as vinyltoluene; acrylic acid; acrylates, such as methyl acrylate, ethyl acrylate : butyl acrylate, dodecyl acrylate, octyl 
acrylate, 2-ethylhexyl acrylate, and phenyl acrylate; meth acrylic acid; methacrylates, such as methyl methacrylate, 
ethyl methacrylate, butyl methacrylate, dodecyl methacrylate, octyl methacrylate, 2-ethylhexyl methacrylate and phenyl 

'5 methacrylate; unsaturated dicarboxylic acids and mono- or di-esters thereof, such as maleic acid, maleic anhydride 
monobutyl maleate, methyl maleate and dimethyl maleate; acrylamide, methacrylamide, acrylonitrife, methacrylonitrile; 
butadiene; vinyl chloride, vinyl acetate, vinyl benzoate; ethylene olefins, such as ethylene, propylene and butylene; 
vinyl ketones, such as vinyl methyl ketone and vinyl hexyl ketone; and vinyl ethers, such as vinyl methyl ether, vinyl 
ethyl ether and vinyl isobutyl ether. These vinyl monomers may be used singly or in mixture of two or more species. It 

20 is further preferred to use styrene monomer, or monobutyl maleate or maleic anhydride as a wax-modifying monomer, 
so as to uniformize the wax dispersion in the toner particles and provide the resultant toner with improved flowability, 
storability and low-temperature fixability. 

[0065] It is also possible to use an unsaturated polyester for modification of the wax together with the above-men- 
tioned wax-modifying monomer. Such an unsaturated polyester may be formed from diols and dicarboxylic acids similar 
2s to those described above for producing the polyester as a hybrid resin precursor except for including an unsaturated 
diol or dicarboxylic acid component. It is preferred to include an unsaturated dicarboxylic acid, preferred examples of 
which are fumaric acid, maleic acid and maleic anhydride. These unsaturated dicarboxylic acids can also be included 
as esters. 

[0066] It is preferred to use a modified wax obtained by modifying a base wax with a specific amount of wax-modifying 
30 monomer. 

[0067] For example, it is preferred to use a styrene-modified wax obtained by modifying 1 00 wt. parts of a base wax 
with 1 0 - 1 00 wt. parts, more preferably 20 - 80 wt. parts, further preferably 30 - 50 wt. parts, of styrene. 
[0068] It is also preferred to use a modified wax obtained by modifying 1 00 wt. parts of a base wax with 5 - 40 wt. 
parts, more preferably 7 - 30 wt. parts, further preferably 1 0 - 25 wt. parts, of monobutyl maleate or maleic anhydride. 

35 [0069] Another preferred modified wax may be obtained by modifying 1 00 wt. parts of a base wax with the above- 
mentioned range of styrene together with 2 - 20 wt. parts, more preferably 5 - 10 wt. parts, of monobutyl maleate. 
[0070] Another preferred modified wax may be obtained by modifying 100 wt. parts of a base wax with the above- 
mentioned ranges of styrene and mono-butyl maleate together with 10 - 100 wt. parts, more preferably 20 - 80 wt. 
parts, further preferably 30 - 50 wt. parts, of an unsaturated polyester. 

40 [0071] In the toner of the present invention, the wax may preferably be added in an amount of 1 - 20 wt. parts, more 
preferably 3 - 1 0 wt. parts, per 1 00 wt. parts of the binder resin. 

[0072] The above-mentioned modification of a wax with a monomer may be performed in the presence of a polym- 
erization initiator, which may for example be selected from the above-mentioned class of polymerization initiators for 
producing the vinyl polymer as a hybrid resin precursor. 
45 [0073] For effectively performing the wax modification, It is particularly preferred to use a peroxide polymerizations 
initiator, preferred examples of which may include: 1 ,1 -di-(t-butylperoxy)-3,3,5-trimethylcyclohexane and di-cinnamoyl 
peroxide. 

[0074] The wax can be added to the toner-forming composition in the melt-kneading step for the toner production, 
but it is preferred to add the wax in the binder resin-production step for facilitating uniform wax dispersion. 

50 [0075] In the process for production of the toner of the present invention, it is possible to add a yet- unmodified wax 
prior to the vinyl polymer production step and modify the wax simultaneously in the vinyl polymerization step. 
[0076] The toner of the present invention may preferably have a weight-average particle size (D4) of 4 to 1 0 ujti and 
a particle size distribution of containing at most 50 % by volume of particles of 10.1 >m or larger; more preferably D4 
= 5 to 9 u.m and at most 40 % by volume of particles of 10.1 \xxr\ or larger; further preferably D4 = 5.5 to 8 u,m and at 

55 most 20 % by volume of particles of 1 0. 1 um or larger. If D4 is below 4 u.m or above 1 0 um, or the particles of 1 0. 1 um 
or larger are contained in more than 50 % by volume, it becomes difficult to produce toner particles satisfying a circularity 
range suitable for the present invention. 

[0077] The toner of the present invention may preferably contain a charge control agent, which may be any of known 
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sity and anti-fog characteristic. 

[0086] Such a non-iron element may preferably be contained in a proportion of 0.05 - 1 0 wt. %, more preferably 0. 1 
- 7 wt. %, further preferably 0.2 - 5 wt. %, particularly preferably 0.3 - 4 wt. %, based on the iron (element) in the 
magnetic iron oxide. Below 0.05 wt. %, the effects of the element addition become scarce, thus being liable to fail in 
5 providing good dispersibility and uniform chargeability. Above 10 wt. %, the charge liberation is increased to result in 
an insufficient charge which leads to lower image density and increased fog. 

[0087] Such a non-iron element may preferably be dominantly present in proximity to the surface of the magnetic 
particles. More specifically, it is preferred that 20-100 wt. %, more preferably 25-100 wt. % of the non-iron element 
is dissolved at a point of 20 wt. % dissolution of the iron in the iron oxide. By the dominant presence near the magnetic 

10 particle surface of the non-iron element, it is possible to enhance the dispersion effect and the electrical diffusion effect. 
[0088] The magnetic material may preferably have a number-average particle size (D1) of 0.05 - 1 .0 urn, more pref- 
erably 0.1 - 0.5 urn. The magnetic material may preferably have a BET specific surface area (S BET ) of 2 - 40 m 2 /g, 
more preferably 4 - 20 m 2 /g. The magnetic material may preferably have magnetic properties including a saturation 
magnetization of 1 0 - 200 Am 2 /kg, more preferably 70- 100 Am 2 /kg, as measured at a magnetic field of 795.8 kA/m; 

is a residual magnetization of 1 - 1 00 Am 2 /kg, more preferably 2- 20 Am 2 /kg, and a coercive force of 1 - 30 kA/m, more 
preferably 2 - 15 kA/m. The magnetic material may be added in an amount of 20 - 200 wt. parts per 100 wt. parts of 
the binder resin. 

[0089] The contents of elements in the magnetic material may be measured by fluorescent X-ray analysis according 
to JIS K0119 (fluorescent X-ray analysis: general rules) by using a fluorescent X-ray analyzer (e.g., "SYSTEM 3080", 
20 made by Rigaku Denki Kogyo K.K.). The elementary distribution may be determined by gradual dissolution of a mag- 
netic material with hydrochloric acid or hydrofluoric acid, and measuring the change in element content in the solution 
by ICP (inductively coupled plasma) emission spectroscopy. 

[0090] The number-basis particle size distribution of a magnetic material may be measured by processing enlarged 
photographs taken through a transmission electron microscope by means of a digitizer, etc. The magnetic properties 
25 are based on values measured by using a sample vibration-type magnetometer ("VSM-SS-IS", made by Toei Kogyo 
K.K.) and applying an external magnetic field of 795.8 kA/m. The specific surface areas described herein are based 
on values measured according to the BET multi-point method using nitrogen as the adsorbate gas and by using a 
specific surface area measurement apparatus ("Autosorb 1", made by Yuasa Ionics K.K.). 

[0091] In the case of providing a non-magnetic toner, arbitrary pigments or dyes may be added. Examples of the 
30 pigment may include: carbon black, aniline black, acetylene black, Naphthol Yellow, Hansa Yellow, Rohdamine Yellow, 
Alizarin Yellow, red iron oxide, and Phthalocyanine Blue. The pigment may be used in an amount for providing a suf- 
ficient optical density, e.g., 0.1 - 20 wt. parts, preferably 0.2 - 10 wt. parts, per 100 wt. parts of the binder resin. For a 
similar purpose, a dye can be used. Examples thereof may include: azo dyes, anthraquinone dyes, xanthene dyes and 
methine dyes. The dye may be used in 0.1-20 wt. parts, preferably 0.3 - 1 0 wt. parts, per 1 00 wt. parts of the binder resin. 
35 [0092] The toner of the present invention may contain a flowability-imp roving agent externally added to toner parti- 
cles. Examples thereof may include: fine powders of fluorine-containing resins, such as polyvinylidene fluoride and 
polytetrafluoroethylene; fine powders of inorganic oxides such as wet-process silica, dry-process silica, titanium oxide 
and alumina, and surface-treated products of these inorganic oxide fine powders treated with silane compounds, ti- 
tanate coupling agent and silicone oil. 
40 [0093] It is preferred to use a so-called dry-process silica or fumed silica, which is fine powdery silica formed by 
vapor-phase oxidation of a silicone halide, e.g., silicon tetrachloride. The basic reaction may be represented by the 
following scheme: 



SiCI 4 + 2H 2 + 0 2 -> Si0 2 + 4HCI. 

[0094] In the reaction step, another metal halide, such as aluminum chloride or titanium, can be used together with 
the silicon halide to provide complex fine powder of silica and another metal oxide, which can be also used as a type 
of silica as a preferred flowability-improving to be used in the toner of the present invention. The flowability- improving 
agent may preferably have an average primary particle size of 0.001 - 2 jum, more preferably 0.002 - 02 urn. 
[0095] Examples of commercially available silica fine powder products formed by vapor-phase oxidation of silicon 
halides may include those available under the following trade names. 



55 



3NSDOC1D: <EP 1 20581 0A2_I_> 



11 



EP1 205 810 A2 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



Aerosil (Nippon Aerosil K.K.) 


130 




200 




300 




ooU 




1 1 bUU 




MUAl /0 




IvIUaoU 




COK84 


v»a \^ OIL. ^aUUl \w»LJ. j 


IW5 J - 




Mo-/ 




KJIC 7C 




HS-5 r " 




EH-5 


Wacker HDK N20 (Wacker-Chemie CMBH) 


V15 




N20E 




T30 




T40 


D-C Fine Silica (Dow Corning Co.) 




Fransol (Fransil Co.) 





[0096] It is further preferred to use such silica fine powder after a hydrophobization treatment. 

[0097] The hydrophobization may be effected to treating the silica fine powder with an organosilicon compound 

reactive with or physically adsorbed by the silica fine powder. 

[0098] Examples of the organosilicon compound may include: h exam ethyl disilazane, trimethylsilane, trimethyichlo- 
rosilane, trimethylethoxysilane, dimethyldichlorosilane, methyltrichlorosilane, allyldimethylchlorosilane, allylphenyl- 
dichlorosilane, benzyldimethylchlorosilane, bromomethyldimethylchlorosilane, a-chloroethyltrichlorosilane, p-chlo- 
roethyltrichlorosilane, chloromethyldimethylchlorosilane, triorganosilylmercaptanssuch as trimethylsilylmercaptan, tri- 
organosilyl acrylates, vinyldimethylacetoxysilane, dimethylethoxysilane, dimethyldimethoxysilane, diphenyldiethoxysi, 
lane, hexamethyldisiloxane, 1,3-divinyltetramethyldisiloxane, 1 ,3-diphenyltetramethyldisiloxane, and dimethylsi- 
loxanes having 2 - 12 siloxane units per molecule including terminal units each having one hydroxyl group connected 
to Si; and further silicone oils, such as dimethylsilicone oil. These organosilicon compounds may be used singly, or in 
mixture, or in succession of two or more species. 

[0099] The flowability-imp roving agent may preferably have a methanol wettability of at least 30 %, more preferably 
at least 50 %, and also have a specific surface area as measured by the BET method using nitrogen adsorption (S BEr ) 
of at least 30 m 2 /g, more preferably at least 50 m 2 /g. The flowability-improving agent may preferably be used in a 
proportion of 0.01 - 8 wt. parts, more preferably 0.1 - 4 wt. parts, per 1 00 wt. parts of the toner. 

[01 00] The toner of the present invention can contain various additives, in addition to the flowability-improving agent, 
for imparting various properties. Examples of such additives may include the following. 

(1) Abrasives, inclusive of: metal oxides 5 such as strontium titanate ? cerium oxide, aluminum oxide, magnesium 
oxide and chromium oxide; nitrides, such as silicon nitride; carbides, such as silicon carbide; metal salts, such as 
calcium sulfate, barium sulfate and calcium carbonate. 

(2) Lubricants, inclusive of: powders of fluorine-containing resins, such as polyvinylidene fluoride and polytetrafluor- 
oethylene; and fatty acid metal salts, such as zinc stearate and calcium stearate. 

(3) Charge-controlling particles, inclusive of: particles of metal oxides, such as tin oxide, titanium oxide, zinc oxide, 
silicon oxide, and aluminum oxide; carbon black, and resin particles. 

[0101] These additives may be added in an amount of 0.05 - 10 wt. parts, preferably 0.1 - 5 wt. parts, per 100 wt. 

parts of the toner particles. These additives may be used singly or in combination of two or more species. 

[0102] In the case of providing a magnetic toner, it is preferred to add two or species of additives in combination in 
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view of the stability of continuous developing performance and the stability of developing performance after standing. 
In the case of providing a non-magnetic monocomponent developer, it is preferred to use titanium oxide or alumina in 
view of the improved flowability and image uniformity. 

[0103] The toner of the present invention can also be blended with a carrier to provide a two-component developer. 
The carrier may preferably have a resistivity of 1 0 6 - 1 0™ ohm.cm adjusted, e.g. : by controlling the surface unevenness 
of carrier particles and the amount of a surface-coating resin. 

[0104] Example of the surface-coating resin may include: styrene-acry late copolymers, sty rene-meth aery late copol- 
ymers, acrylate ester copolymers, methacrylate ester copolymers, silicone resin, fluorine-containing resin, polyamide 
resin, ionomer resin, polyphenylene sulfide resin, and mixture of these resins. 

[0105] The carrier core may comprise a magnetic material, examples of which may include: oxides, such as ferrite, 
iron-excessive ferrite, magnetite and gamma-iron oxide; metals, such as iron, cobalt and nickel, and alloys of these 
metals. These magnetic materials can further contain other elements, such as iron, cobalt, nickel, aluminum, copper, 
lead, magnesium, tin, zinc, antimony, beryllium, bismuth, calcium, manganese, selenium, titanate, tungsten, and va- 
nadium. 

[0106] Next, some image forming methods wherein the toner of the present invention is suitably used, will be de- 
scribed. 

[0107] An embodiment of the image forming method using a toner particularly a magnetic toner, according to the 
present invention will be described with reference to Figures 1 and 2. The surface of an image-bearing member (pho- 
tosensitive member) 1 is charged to a negative potential or a positive potential by a primary charger 2 and exposed to 
image light 5 as by analog exposure or laser beam scanning to form an electrostatic image (e.g., a digital latent image 
as by laser beam scanning) on the photosensitive member. Then, the electrostatic image is developed with a magnetic 
toner 13 carried on a developing sleeve 4 according to a reversal development mode or a normal development mode. 
The toner 13 is initially supplied to a vessel of a developing device 9 and applied as a layer by a magnetic blade 11 on 
the developing sleeve 4 containing therein a magnet 23 having magnetic poles N 1f N 2 , S 1 and S 2 . At the development 
zone, a bias electric field is formed between the electroconductive substrate 16 of the photosensitive member 1 and 
the developing sleeve 4 by applying an alternating bias, a pulse bias and/or a DC bias voltage from a bias voltage 
application means 12 to the developing sleeve 4. 

[0108] The magnetic toner image thus formed on the photosensitive member 1 is transferred via or without via an 
intermediate transfer member onto a recording material (transfer paper) P (Figure 1 illustrates an apparatus including 
no intermediate transfer member). When transfer paper P is conveyed to a transfer position, the back side (i.e., a side 
opposite to the photosensitive member) of the paper P is positively or negatively charged by a transfer charger 3 to 
electrostatically transfer the negatively or positively charged magnetic toner image on the photosensitive member 1 
onto the transfer paper P. Then, the transfer paper P carrying the toner image is charge-removed by discharge means 
22, separated from the photosensitive member 1 and subjected to heat-pressure fixation of the toner image by a hot 
pressure roller fixing device 7 containing therein heaters 21 . 

[0109] Residual magnetic toner remaining on the photosensitive member 1 after the transfer step is removed by a 
cleaning means comprising a cleaning blade 8. The photosensitive member 1 after the cleaning is charge-removed 
by erase exposure means 6 and then again subjected to an image forming cycle starting from the charging step by 
the primary charger 2. 

[01 1 0] The electrostatic image bearing or photosensitive member in the form of a drum 1 may comprise a photosen- 
sitive layer 15 formed on an electroconductive support 16 (Figure 8). The non-magnetic cylindrical developing sleeve 
4 is rotated so as to move in an identical direction as the photosensitive member 1 surface at the developing position. 
Inside the non-magnetic cylindrical developing sleeve 4, a multi-polar permanent magnet (magnet roll) 23 is disposed 
so as to be not rotated. The magnetic toner 13 in the developing device 9 is applied onto the developing sleeve 4 and 
provided with a triboelectric change due to friction between the developing sleeve 4 surface and the magnetic toner 
particles. Further, by disposing an iron-made magnetic blade 11 in proximity to (e.g., with a gap of 50 - 500 um from) 
the developing sleeve 4 surface so as to be opposite to one magnetic pole of the multi-polar permanent magnet, the 
magnetic toner is controlled to be in a uniformly small thickness (e.g., 30 - 300 um) that is identical to or smaller than 
the clearance between the photosensitive member 1 and the developing sleeve 4 at the developing position. The 
rotation speed of the developing sleeve 4 is controlled so as to provide a circumferential velocity identical or close to 
that of the photosensitive member 1 surface. The iron blade 11 as a magnetic doctor blade can be replaced by a 
permanent magnet so as to provide a counter magnetic pole. At the developing position, an AC bias or a pulse bias 
voltage may be applied to the developing sleeve 4 from a bias voltage application means 12. 

[01 1 1] The AC bias voltage is applied in order to provide a good combination of image density and fog-free state by 
using a toner exhibiting a specific dielectric property according to the present invention and may preferably have a 
frequency f of 600 - 4,000 Hz : more preferably 800 - 3000 Hz, further preferably 11 00 - 2500 Hz, and a peak-to-peak 
voltage Vpp of 500 - 3,000 volts. 

[0112] Under the action of an electrostatic force on the photosensitive member surface and the AC bias or pulse 
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bias electric field at the developing position, the magnetic toner particles are transferred onto an electrostatic image 
on the photosensitive member 1 . y 

2*21 11 18 Sf ° P0SSib ' e 10 replaCe * e ma 9 netic b,ade 1 1 with an ela stic blade comprising an elastic material, such 
as s ..cone rubber, so as to apply a pressing force for applying a magnetic toner layer on the developing sleeve while 
5 regulating the magnetic toner layer thickness. 

[0114] In the image forming method of the present invention, the image-bearing member 1 may comprise a photo- 
lt? r ' f 38 a ^! orpho " s si,icon < a - Si >- an <><-9 a ™ photoconductor (OPC), selenium or another inorganic photo- 
conductor In view of the stability of latent image potential. It is preferred to use an a-Si or OPC photoconductor In a 

to S^oTioTducToT reqUirin9 3 dUrability ° f photosensitive member ' rt is Particularly preferred to use an a-Si 

[0115] Another image forming method to which the toner according to the present invention is applicable will now 
be described with reference to Figure 3. 

[0116] Referring to Figure 3, the surface of a photosensitive drum 101 as an electrostatic image-bearing member is 

voS from rt«f Ve P ° la , rity t by a contact < roller > char 9 in 9 ™™ 119 as a primary charging means supplied with a 
voltage from a voltage application means and exposed to image scanning light 115 from a laser to form a digital elec- 
tfostatic latent image on the photosensitive drum 1 01 . The digital latent image is developed by a revereal development 
mode wrth a magnetic toner 104 held in a hopper 103 of a developing device equipped with a developing sleeve 108 
(as a oner-carrying member) enclosing a multi-polar permanent magnet 1 05 and an elastic regulating blade 1 1 1 as a 
Iw' ]?h 5* ness - re 9 ulati "9 mem °er. As shown in Figure 3, at a developing region D, an electroconductive sub- 
strate of the photosensitive drum 101 is grounded, and the developing sleeve 108 is supplied with an alternating bias 
a pulse bias and/or a direct current bias from a bias voltage application means 109. When a recording material P is 
conveyed and arrives at a transfer position, a backside (opposite to the photosensitive drum) of the recording material 

«!? K 8rg t u 8 C ° ntaCt (r0 " er) tranSfer meanS 1 1 3 as a transfer means connected to a voltage application means 
1 14, whereby the toner image formed on the photosensitive drum 101 is transferred onto the recording material P. The 
record.ng material P is then separated from the photosensitive drum 101 and conveyed to a hot pressure roller fixinq 
device 1 1 7 as a fixing means, whereby the toner image is fixed onto the recording material P. 

[011? 1 u A P °. ni0n ° f thS masnetic toner 1 04 remaining on the photosensitive drum 1 01 after the transfer step is re- 
moved by a cleaning means 1 1 8 having a cleaning blade 1 1 8a. If the amount of the residual toner is little, the cleaning 
step can be omitted. The photosensitive drum 101 after the cleaning is charge-removed by erasure exposure means 
116 as desired and further subjected a series of the above-mentioned steps starting with the charging step by the 
contact (roller) charging means 119 as a primary charging means. 

[0118] In the above-mentioned series of steps, the photosensitive drum 101 (i.e., an electrostatic image-bearing 
member) comprises a photosensitive layer and an electroconductive substrate, and rotates in a direction of an indicated 
arrow. The developing sleeve 1 08 as a toner-carrying member in the form of a non-magnetic cylinder rotates so as to 
move in a direction to the surface-moving direction of the photosensitive drum 1 01 at the developing region D Inside 
the developing sleeve 108, a multi-polar permanent magnet (magnet roll) 105 is disposed so as not to rotate The 
magnetic toner 104 in the developer vessel 103 is applied onto the developing sleeve 108 and provided with a tribo- 

SSILh I 13 ,' 98 °J'l 9 " "r 9 ^ 6 P ° larity ' dUS t0 fri ° ti0n Wit " the devel °P in 9 sleev e 108 surface and/or other magnetic 
toner partic es. Further, the elastic regulation blade 111 is elastically pressed against the developing sleeve 108 so as 
to regulate the toner layer in a uniformly small thickness (30 - 300 urn) that is smaller than a gap between the photo- 
sensrtive drum 101 and the developing sleeve 108 in the developing region D. The rotation speed of the developing 
s eeve 1 08 is adjusted so as to provide a surface speed thereof that is substantially equal or close to the surface speed 
of the photosensitive drum 101 . In the developing region D, the developing sleeve 108 may be supplied with a bias 
in! f^fA^?" 19 a " k C b 'f " 3 PUlSe bi3S ° n anAC "DC superposed bias from the bias vottage application means 
c ™ ™ 600 " 4000 P reterab 'y 800 - 3000 Hz, further preferably 1 1 00 - 2500 Hz, and Vpp 

= 500 - 3000 VOltS. ■ 
[01 19] At the developing region, the magnetic toner is transferred onto the electrostatic image side under the action 
of an electrostatic force on the photosensitive drum 1 01 surface and the developing bias voltage 
[0120] In case where an image forming apparatus as described above is used as a printer for facsimile the above- 
mentioned image exposure means corresponds to that for printing received data. Figure 4 shows such an embodiment 
by using a block diagram. 

[0121] Referring to Figure 4, a controller 131 controls an image reader (or image reading unit) 1 30 and a printer 139 
The entirety of the controller 131 is regulated by a CPU (central processing unit) 137. Read data from the image reader 
130 is transmitted through a transmitter circuit 133 to another terminal such as facsimile. On the other hand data 
received from another terminal such as facsimile is transmitted through a receiver circuit 132 to the printer 139 An 

image memory 136 stores prescribed image data. A printer controller 138 controls the printer 139 In Figure 17 refer- 
ence numeral 1 34 denotes a telephone set. . ' 

[0122] More specifically, an image received from a line (or circuity 
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^terminal connected by the line) is demodulated by means of the receiver circuit 132, decoded by the CPU 137, and 
sequentially stored in the image memory 136. When image data corresponding to at least one page is stored in the 
image memory 136, image recording is effected with respect to the corresponding page. The CPU 137 reads image 
data corresponding to one page from the image memory 136, and transmits the decoded data corresponding to one 
5 page to the printer controller 138. When the printer controller 138 receives the image data corresponding to one page 
from the CPU 137, the printer controller 138 controls the printer 139 so that image data recording corresponding to 
the page is effected. During the recording by the printer 1 39, the CPU 1 37 receives another image data corresponding 
to the next page. Thus, receiving and recording of an image may be effected by means of the apparatus shown in 
Figure 4 in the above-mentioned manner. 
w [0123] The toner particles constituting the toner of the present invention may preferably be produced through a 
process wherein the above-mentioned toner ingredients including the binder resin, the colorant and the wax are suf- 
ficiently blended by means of a ball mill, a Henschel mixer, etc. and then melt-kneaded by hot kneading means, such 
as a-hot roller kneader or an extruder, and after being solidified by cooling, the melt-kneaded product is coarsely 
crushed and finely pulverized by the action of a jet stream or mechanically, followed by classification, to recover toner 
15 particles. Other production processes may include a polymerization toner production process wherein prescribed in- 
gredients are blended with a monomer constituting the binder resin, and the resultant polymerizable mixture is sus- 
pended in an aqueous medium and polymerized to form toner particles; a microencapsule toner production process 
wherein prescribed ingredients are incorporated in ether one or both of the core material and the shell material; and 
a spray drying process wherein a dispersion of prescribed ingredients in a binder resin solution is spray-dried to form 
toner particles. The thus-obtained toner particles are optionally blended with external additives as desired by a blender, 
such as a Henschel mixer to obtain a toner of the present invention. 

[0124] Next, a preferred process of producing the toner of the present invention will now be described with reference 
to the accompanying drawings. Figure 1 5 is a flow chart for illustrating an outline of a pulverization and classification 
system adopted in the process. In the process, the toner ingredients comprising at least a binder resin and a colorant 
are melt-kneaded, and the melt-kneaded product after cooling is coarsely crushed by a crushing means to obtain a 
powdery feed comprising the crushed product. In the pulverization and classification system shown in Figure 5, the 
powdery feed is introduced into a first metering feeder and then supplied from the first metering feeder to an inlet port 
of a mechanical pulverizer including at least a rotor comprising a rotating member affixed to a central rotation shaft, 
and a stator housing the rotor with a prescribed spacing from the rotor surface, so that an annular space given by the 
30 spacing is made airtight, and the rotor is rotated at a high speed to finely pulverize the coarsely pulverized material. 
Then, the fine pulverizate discharged out of the discharge port of the mechanical pulverization is introduced at a pre- 
scribed rate via a second metering feeder to a multi-division classifier wherein the fine pulverizate is pneumatically 
classified into at least a fine powder fraction, a medium powder fraction and a coarse powder fraction under the action 
of crossing gas streams and the Coanda effect. The classified coarse powder fraction is blended with the powdery 
35 feed for reintroduction into the mechanical pulverizer, and the classified medium powder fraction is recovered by toner 
particles. 

[0125] Referring to Figure 6, the powdery feed is introduced at a prescribed rate to a mechanical pulverizer 201 as 
pulverization means via a first metering feeder 215. The introduced powdery feed is instantaneously pulverized by the 
mechanical pulverizer 201 , introduced via a collecting cyclone 229 to a second metering feeder 262 and then supplied 

^0 to a multi-division pneumatic classifier 261 via a vibration feeder 263 and a feed supply nozzle 276. 

[0126] In the apparatus system, the ratio between the feed rate to the mechanical pulverizer 301 from the first me- 
tering feeder 215 and the feed rate to the multi-division pneumatic classifier 261 via the second metering feeder 262, 
may preferably be set to 0.7 - 1 .7 times, more preferably 0.7 - 1 .5 times, further preferably 1 .0 - 1 .2 times, in view of 
the. toner productivity and production efficiency. 

45 [0127] A pneumatic classifier is generally incorporated in an apparatus system while being connected with other 
apparatus through communication means, such as pipes. Figure 6 illustrates a preferred embodiment of such an ap- 
paratus system. The apparatus system shown in Figure 6 includes the multi-division classifier 261 (the details of which 
are illustrated in Figure 1 0), the metering feeder 262, the vibration feeder 263, and collecting cyclones 264, 265 and 
266, connected by communication means. 

so [0128] In the apparatus system, the pulverized feed is supplied to the metering feeder 262 and then introduced into 
the three-division classifier 261 via the vibration feeder 263 and the feed supply nozzle 1 6 at a flow speed of 1 0 - 350 
m/sec. The three-division classifier 261 includes a classifying chamber ordinarily measuring 10 - 50 cm x 10 - 50 cm 
x 3 - 50 cm, so that the pulverized feed can be classified into three types of particles in a moment of 0.1 - 0.01 sec or 
shorter. By the classifier 261 , the pulverized feed is classified into coarse particles, medium particles and fine particles. 

55 Thereafter, the coarse particles are sent out of an exhaust pipe 271 a to a collecting cyclone 266 and then recycled to 
the mechanical pulverizer 201 . The medium particles are sent through an exhaust pipe 272a and discharge out of the 
system to be recovered by a collecting cyclone 265 as a toner product. The fine particles are discharged out of the 
system via an exhaust pipe 273a and are discharged out of the system to be collected by a collecting cyclone 264. 
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The collected fine particles are supplied to a melt-kneading step for providing a powdery feed comprising toner ingre- 
dients for re-utilization, or are discarded. The collecting cyclones 264, 265 and 266 can also function as a suction 
vacuum generation means for introducing by sucking the pulverized feed to the classifier chamber via the feed supply 
nozzle. The coarse particles classified out of the classifier 261 may preferably be recycled via a recycle metering feeder 
331 and mixed with a fresh powdery feed supplied from the first metering feeder 21 5 and re-pulverized in the mechanical 
pulverizer 201. 

[0129] The rate of re-introduction of the coarse particles to the mechanical pulverizer 201 from the pneumatic clas- 
sifier 261 may preferably be set to 0 - 1 0.0 wt. %, more preferably 0 - 5.0 wt. %, of the pulverized feed supplied from 
the second metering feeder 262 in view of the toner productivity. If the rate of re-introduction exceeds 10.0 wt. %, the 
powdery dust concentration in the mechanical pulverizer 201 is raised to increase the load on the pulverizer 201 and 
the toner productivity can be lowered due to difficulties, such as overpulverization heat causing toner surface deterio- 
ration, isolation of the magnetic iron oxide particles from the toner particles and melt-sticking onto the apparatus wall. 
[0130] The powdery feed to the apparatus system may preferably have a particle size distribution such that at least 
95 wt. % is 1 8 mesh-pass and at least 90 wt. % is 1 00 mesh-on (according to ASTME-11 -61 ). 
[0131] In order to produce a toner having a weight-average particle size (D4) of at most 1 0 u.m, preferably at most 
8 ujti, and a narrow particle size distribution, the pulverized product out of the mechanical pulverizer may preferably 
satisfy a particle size distribution including a weight-average particle size of 4 - 1 0 u.m, at most 70 % by number more 
preferably at most 65 % by number of particles of at most 4.0 urn, and at most 25 % by volume, more preferably at 
most 20 % by volume, of particles of at least 1 0. 1 p/n. Further, the medium particles classified out of the classifier 261 
may preferably satisfy a particle size distribution including a weight-average particle size of 5 - 10 urn, at most 40 % 
by number, more preferably at most 35 % by number, of particles of at most 4.0 jim, and at most 25 % by volume, 
more preferably at most 20 % by volume, of particles of at least 1 0.1 iim. 

[0132] The above-mentioned apparatus system does not include a first classification step, prior to the pulverization 
step, and includes a single pass of pulverization step and classification step. 

[01 33] The mechanical pulverizer 201 suitably incorporated in the apparatus system of Figure 6 may be provide by 
a commercially available pulverizer, such as "KTM" (available from Kawasaki Jukogyo K.K.) or TURBOMILL" (available 
from Turbo Kogyo K.K.), as it is, or after appropriate re-modeling. 

[0134] It is particularly preferred to adopt a process using a mechanical pulverizer as illustrated in Figures 7 - 9, so 
as to allow easy pulverization of the powdery feed and realize effective toner production. 

[0135] Now, the organization of a mechanical pulverizer will be described with reference to Figures 7 - 9. Figure 7 
schematically illustrates a sectional view of a mechanical pulverizer; Figure 8 is a schematic sectional view of a D-D 
section in Figure 7, and Figure 9 is a perspective view of a rotor 314 in Figure 7. As shown in Figure 7 the pulverizer 
includes a casing 313; a jacket 31 6; a distributor 220: a rotor 314 comprising a rotating member affixed to a control 
rotation shaft 312 and disposed within the casing 313, the rotor 314 being provided with a large number of surface 
grooves (as shown in Figure 9) and designed to rotate at a high speed; a stator 31 0 disposed with prescribed spacing 
from the circumference of the rotor 314 so as to surround the rotor 314 and provided with a large number of surface 
grooves; a feed port 311 for introducing the powdery feed; and a discharge port 302 for discharqinq the pulverized 
material. 

[0136] In operation, a powdery feed is introduced at a prescribed rate from the feed port 311 into a processing 
chamber, where the powdery feed is pulverized in a moment under the action of an impact caused between the rotor 
314 rotating at a high speed and the stator 310, respectively provided with a large number of surface grooves, a large 
number of uitrahigh speed eddy flow occurring thereafter and a highfrequency pressure vibration caused thereby. The 
pulverized product is discharged out of trie discharge port 302. Air conveying the powdery feed flows through the 
processing chamber, the discharge port 302, a pipe 21 9, a collecting cyclone 229, a bag filter 222 and a suction blower 
224 to be discharged out of the system. 

[0137] The conveying air is cold air generated by a cold air generation means 31 2 and introduced together with the 
powdery feed, and the pulverizer main body is covered with a jacket 316 for flowing cooling water (preferably, non- 
freezing liquid comprising ethylene glycol etc.), so as to maintain the temperature within the processing chamber at 
0 *C or below, more preferably -5 to -15 °C, further preferably -7 to -12 °C, in view of the toner productivity. This is 
effective for suppressing the surface deterioration of toner particles due to pulverization heat, particularly the liberation 
of magnetic iron oxide particles present at the toner particle surfaces and melt-sticking of toner particles onto the 
apparatus wall, thereby allowing effective pulverization of the powdery feed. The operation at a processing chamber 
temperature below -1 5 °C requires the use of f Ion (having a better stability at lower temperatures but regarded as less 
advisable from global viewpoint) instead of f Ion substitute as a refrigeration medium for the cold air generation means. 
[01 38] The cooling water is introduced into the jacket 31 6 via a supply port 31 7 and discharged out of a discharqe 
port318. _ . _ . a 

[01 39] In the pulverization operation, it is preferred to set the temperature T1 in a whirlpool chamber 212 (inlet tem- 
perature) and the temperature T2 in a rear chamber (outlet temperature) so as to provide a temperature difference AT 
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.(= T2 - T1) of 30 - 80 °C, more preferably 35 - 75 °C, further preferably 37 - 72 °C, thereby suppressing the surface 
deterioration of toner particle surfaces, and effectively pulverizing the powdery feed. A temperature difference AT of 
below 30 °c suggests a possibility of short pass of the powdery feed without effective pulverization thereof, thus being 
undesirable in view of the toner performances. On the other hand, AT > 80 °C suggests a possibility of the overpul- 
verization, resulting in surface deterioration due to heat of the toner particles and melt-sticking of toner particles onto 
the apparatus wall and thus adversely affecting the toner productivity. 

[0140] It is preferred that the inlet temperature (T1 ) in the mechanical pulverizer is set to at most 0 °C and a value 
which is lower than the glass transition temperature (Tg) of the binder resin by 60 - 75 °C. As a result, it is possible to 
suppress the surface deterioration of toner particles due to heat, and allow effective pulverization of the powdery feed. 
Further, the outlet temperature (T2) may preferably be set to a value which is lower by 5 - 30 °C, more preferably 10 
- 20 °C, than Tg. As a result, it becomes possible to suppress the surface deterioration of toner particles due to heat, 
and allow effective pulverization of the powdery feed. 

[0141] The rotor 31:4 may preferably be rotated so as to provide a circumferential speed of 80 - 180 m/s, more 
preferably 90 - 170 m/s, further preferably 100 - 160 m/s. As a result, it becomes possible to suppress insufficient 
pulverization or overpulverization, and allow effective pulverization of the powdery feed. A circumferential speed below 
80 m/s of the rotor 314 is liable to cause a short pass without pulverization of the feed, thus resulting in inferior toner 
performances. A circumferential speed exceeding 180 m/s of the rotor invites an overload of the apparatus and is liable 
to cause overpulverization resulting in surface deterioration of toner particles due to heat, and also melt-sticking of the 
toner particles onto the apparatus wall, thus adversely affecting the toner productivity. 
20 [0142] Further, the rotor 314 and the stator 31 0 may preferably be disposed to provide a minimum gap therebetween 
of 0.5 - 1 0.0 mm, more preferably 1 .0 - 5.0 mm, further preferably 1 .0 - 3.0 mm. As a result, it becomes possible to 
suppress insufficient pulverization or overpulverization and allow effective pulverization of the powdery feed. A gap 
exceeding 1 0.0 mm between the rotor 31 4 and the stator 31 0 is liable to cause a short pass without pulverization of 
the powdery feed, thus adversely affecting the toner performance. A gap smaller than 0.5 mm invites an overload of 
the apparatus and is liable to cause overpulverization resulting in surface deterioration of toner particles due to heat, 
and also melt-sticking of the toner particles onto the apparatus wall, thus adversely affecting the toner productivity. 
[01 43] The effective pulverization achieved by the above-mentioned mechanical pulverizer allows the omission of a 
pre-classification step liable to result in overpulverization and omission of the large-volume pulverization air supply 
required in the pneumatic pulverizer 
30 [0144] Next, a pneumatic classifier as a preferred classification means for toner production, will be described. 
[0145] Figure 10 is a sectional view of an embodiment of a preferred multi-division pneumatic classifier. 
[0146] Referring to Figure 10, the classifier includes a side wall 82 and a G-block 83 defining a portion of the clas- 
sifying chamber, and classifying edge blocks 84 and 85 equipped with knife edge-shaped classifying edges 77 and 
78. The G-block 83 is disposed slidably laterally. The classifying edges 77 and 78 are disposed swingably about shafts 
35 77a and 78a so as to change the positions of the classifying edge tips. The classifying edge blocks 77 and 78 are 
slidable laterally so as to change horizontal positions relatively together with the classifying edges 77 and 78. The 
classifying edges 77 and 78 divide a classification zone 90 of the classifying chamber 92 into 3 sections. 
[0147] A feed port 95 for introducing a powdery feed is positioned at the nearest (most upstream) position of a feed 
supply nozzle 76, which is also equipped with a high-pressure air nozzle 96 and a powdery feed-introduction nozzle 
40 97 and opens into the classifying chamber 92. The nozzle 71 6 is disposed on a right side of the side wall 82, and a 
Coanda block 86 is disposed so as to form a long elliptical arc with respect to an extension of a lower tangential line 
of the feed supply nozzle 76. A left block 87 with respect to the classifying chamber 92 is equipped with a gas-intake 
edge 71 9 projecting rightwards in the classifying chamber 92. Further, gas-intake pipes 74 and 75 are disposed on the 
left side of the classifying chamber 92 so as to open into the classifying chamber 92. Further, the gas-intake pipes 74 
and 75 are equipped with first and second gas introduction control means 80 and 81 , like dampers, and static pressure 
gauges 88 and 89 (as shown in Figure 6). 

[0148] The positions of the classifying edges 77 and 78, the G-block 83 and the gas-intake edge 78 are adjusted 
depending on the pulverized powdery feed to the classifier and desired particle size of the product toner. 
[01 49] On the right side of the classifying chamber 92, there are disposed exhaust ports 71 , 72 and 73 communicative 
with the classifying chamber corresponding to respective classified fraction zones. The exhaust ports 71 , 72 and 73 
are connected with communication means such as pipes (71a, 72a and 73a as shown in Figure 6) which can be 
provided with shutter means, such as valves, as desired. 

[0150] The feed supply nozzle 76 may comprise an upper straight tube section and a lower tapered tube section. 
The inner diameter of the straight tube section and the inner diameter of the narrowest part of the tapered tube section 
may e set to a ratio of 20:1 to 1 :1 , preferably 10:1 to 2:1 , so as to provide a desirable introduction speed. 
[0151 J The classification by using the above-organized multi-division classifier may be performed in the following 
manner. The pressure within the classifying chamber 92 is reduced by evacuation through at least one of the exhaust 
ports 71 , 72 and 73. The powdery feed is introduced through the feed supply nozzle 76 at a flow speed of preferably 
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10 - 350 m/sec under the action of a flowing air caused by the reduced pressure and an ejector effect caused by 
compressed air ejected through the high-pressure air supply nozzle and ejected to be dispersed in the classifying 
chamber 92. 

[01 52] The particles of the powdery feed introduced into the classifying chamber 92 are caused to flow along curved 
lines under the action of the Coanda effect exerted by the Coanda block 86 and the action of introduced gas, such as 
air, so that coarse particles form an outer stream to provide a first fraction outside the classifying edge 78, medium 
particles form an intermediate stream to provide a second fraction between the classifying edges 78 and 77, and fine 
particles form an inner stream to provide a third fraction inside the classifying edge 77, whereby the classified coarse 
particles are discharged out of the exhaust port 71 , the medium particles are discharge out of the exhaust port 72 and 
the fine particles are discharged out of the exhaust port 73, respectively. 

[0153] In the above-mentioned powder classification, the classification (or separation) points are principally deter- 
mined by the tip positions of the classifying edges 77 and 78 corresponding to the lowermost part of the Coanda block 
86, while being affected by the suction flow rates of the classified air stream and the powder ejection speed through 
the feed supply nozzle 76. 

[0154] The above-mentioned pneumatic classifier is particularly advantageously adopted in production of a toner for 
use in an electrophotographic image forming method. 

[0155] Some physicaJ properties of a toner described herein are based on the results of measurement methods 
described below. 

(1) Acid values of a toner and binder resin 
[0156] Measured according to JIS K0070. 

[0157] Apparatus: Automatic potentiometric titration apparatus ( a AT-400 M , made by Kyoto Denshi K.K.) 
[0158] Calibration of apparatus: Performed by using a solvent mixture of toluene 120 ml and ethanol 30 ml. 
[0159] Measurement temperature: 25 °C 

[0160] Measurement operation including sample preparation is as follows. 

(i) Ca. 1 .0 g of a toner or ca. 0.5 g of a binder resin is accurately weighed at W (g) and placed in a 200 ml-beaker, 
and then 120 ml of toluene is added thereto, followed by stirring by a magnetic stirrer for ca. 10 hours at room 
temperature (25 °C) for dissolution. Then, 30 ml of ethanol is added thereto to form a tolu en e/m ethanol mixture 
solution as a sample solution. Separately, a mixture of toluene (120 ml) and ethanol (30 ml) is prepared as a blank 
solution. 

(ii) The blank solution is titrated with a 0.1 ml/liter-KOH solution in ethanol having a factor of f, and the amount of 
the KOH solution used for the titration is measured and recorded at B (ml). 

(iii) The sample solution is titrated with the same 0.1 moI/liter-KOH solution, and the amount of the KOH solution, 
and the amount of the KOH solution used for the titration is recorded at S (ml). 

(iv) The acid value of the sample is calculated according to the following equation: 

r 

Acid value (mgKOH/g) 
= {(S-B)xfx5.61}x W. 

(2) Molecular weight (distribution) of THF-soluble content 
[0161] Measured according to the GPC method. 

[0162] In the GPC apparatus, a column is stabilized in a heat chamber at 40 °C, tetrahydrofuran (THF) solvent is 
caused to flow through the column at that temperature at a rate of 1 ml/min., and ca. 100 u.l of a sample solution in 
THF is injected. The identification of sample molecular weight and its distribution is performed based on a calibration 
curve obtained by using several monodisperse polystyrene samples and having a logarithmic scale of molecular weight 
versus count number. The standard polystyrene samples may be available from, e.g., Toso K.K. or Showa Denko . It 
is appropriate to use at least 10 standard polystyrene samples having molecular weights ranging from a. 10 2 to ca. 
1 07. The detector may be an Rl (refractive index) detector, ft is appropriate to constitute the column as a combination 
of several commercially available polystyrene gel columns. For example, it is possible to use a combination of Shodex 
GPC KF-801 , 802, 803, 804, 805, 806, 807 and 808P available from Showa Denko K.K.; or a combination of TSKgel 
G1000H (HxJ, G2000H (H XL ), G3000H (H^), G4000H (H XL ). G5000H (H XL ), G7000H (H^) and TSKguard column 
available from Toso K.K. 

[0163] A GPC sample solution is prepared in the following manner. • 
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[01 64] A sample is added to TH F and left standing for several hours. Then, the mixture is well snaked until the sample 
mass disappears and further left to stand still for at least 24 hours. Then, the mixture is caused to pass through a 
sample treatment filter having a pore size of 0.2 - 0.5 urn (e.g., "Maishori Disk H-25-2", available from Toso K.K.) to 
obtain a GPC sample having a resin concentration of 0.5 - 5 mg/ml. 

5 

(3) THF (tetrahydrofuran)-insoluble content 

[0165] Ca ; 0.5 - 1.0 g of a sample toner is accurately weighed at W1 (g), placed in a cylindrical filter paper ("No. 
86B", having a size of 28 mm in diameter and 1 00 mm in height, available from Toyo Roshi K.K.) and set on a Soxhlet's 
10 extractor, followed by 1 0 hours of extraction with 200 ml of solvent THF on an oil bath adjusted at ca. 120 - 130 °C so 
as to allow one refluxing cycle in 120 to 150 sec. The filter paper after the extraction is dried for 10 hours at 70 °C 
under a reduced pressure to determine a THF-soluble content (W2), A THF-insoluble content in the binder resin is 
determined based on a THF-insoluble matter weight (W3) other than the binder resin, i.e., the colorant (or/and the 
magnetic material), etc., according to the following equation: 

15 



^ THF-insoluble content (wt. %) 

= [((W1 -(W2+W3))/(W1 -W2)] x 1 00. 

20 

(4) Heat-absorption peak temperature (Tabs) 

[0166] Measurement may be performed in the following manner by using a differential scanning calorimeter ("DSC- 
7", available from Perkin-Elmer Corp.) according to ASTM D3418-82. 
25 [0167] A sample in an amount of about 5 mg is accurately weighed. The sample is placed on an aluminum pan and 
subjected to measurement in a temperature range of 30 - 200 °C at a temperature-raising rate of 1 0 °C/min in parallel 
with a blank aluminum pan as a reference. In the course of temperature increase, a main absorption peak appears at 
a temperature in the range of 30 - 200 °C on a DSC curve. The temperature is taken as a heat-absorption peak 
temperature (Tabs). 

(5) Glass transition temperature (Tg) of a binder resin 



[0168] Measurement may be performed in the following manner by using a differential scanning calorimeter ("DSC- 
7", available from Perkin-Elmer Corp.) according to ASTM D341 8-82. 
35 [0169] A sample in an amount of 5 mg is accurately weighed. 

[01 70] The sample is placed on an aluminum pan and subjected to measurement in a temperature range of 30 - 200 
°C at a temperature-raising rate of 10 °C/min in a normal temperature - normal humidity environment in parallel with 
a blank aluminum pan as a reference. 

[0171] In the course of temperature increase, a main absorption peak appears in the temperature region of 40 - 1 00 
40 °c. 

[0172] In this instance, the glass transition temperature (Tg) is determined as a temperature of an intersection be- 
tween a DSC curve and an intermediate line passing between the base lines obtained before and after the appearance 
of the absorption peak. 



*s (6) Toner DSC curve 

[01 73] A toner's DSC curve is taken in the course of temperature increase similarly as in (3) and (4) above for a wax. 
Also from the DSC curve, the wax heat-absorption peak temperature (Tabs) and the glass transition temperature (Tg) 
of the binder resin can be determined. 

50 

(7) Molecular weight distribution of a wax 

[01 74] The molecular weight (distribution) of a wax may be measured by GPC under the following conditions: 

55 Apparatus: "GPC-150C" (available from Waters Co.) 

Column: "GMH-HT 30 cm-binary (available from Toso K.K.) 
Temperature: 135 °C 

Solvent: o-dichlorobenzene containing 0.1 % of ionol. 
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Flow rate: 1 .0 ml/min. 

Sample: 0.4 ml of a 0.1 5 %-sample. 

[0175] Based on the above GPC measurement, the molecular weight distribution of a sample is obtained once based 
on a calibration curve prepared by monodisperse polystyrene standard samples, and recalculated into a distribution 
corresponding to that of polyethylene using a conversion formula based on the Mark-Houwink viscosity formula 
[0176] The GPC sample is prepared as follows. A sample wax is placed in a o-dichlorobenzene in a beaker and 
placed on a hot plate set at 150 °C, to dissolve the sample. The resultant sample solution at a concentration of 0 15 
wt. % is placed in a filter unit heated in advance and then set in the GPC apparatus to provide a GPC samDle after 
passing through the filter unit. 

(8) Particle size distribution 

[0177] Coulter counter Model TA-II or Coulter Multisizer (available from Coulter Electronics Inc.) may be used as an 
instrument for measurement. For measurement, a 1 %-NaCI aqueous solution as an electrolyte solution is prepared 
by using a reagent-grade sodium chloride (e.g., "Isoton® II", available from Coulter Scientific Japan Co may be com- 
mercially available). To 100 to 150 ml of the electrolyte solution, 0.1 to 5 ml of a surfactant, preferably an alkylbenze- 
nesulfonic acid salt, is added as a dispersant, and 2 to 20 mg of a sample is added thereto. The resultant dispersion 
of the sample in the electrolyte liquid is subjected to a dispersion treatment for about 1 - 3 minutes by means of an 
ultrasonic disperser, and then subjected to measurement of particle size distribution in the range of 2 - 40 nm by using 
the above-mentioned apparatus with a 100 micron-aperture to obtain a volume-bias distribution and a number-basis 
distnbution. From the results of the volume-basis distribution, the weight-average particle size (D4) and volume-average 
particle size (Dv) of the toner may be obtained (while using a central value for each channel as the representative 
value of the channel). 

[0178] The following 13 channels are used: 2.00 - 2.52 urn, 2,52 - 3.17 pm, 3.17 - 4.00 pm. 4.00 - 5 04 pm 5 04 - 
6.35 um, 6.35 - 8.00 pm, 8.00 - 10.08 pm, 10.08 - 12.70 pm, 12.70 - 16.00 pm, 16.00 - 20.20 pm, 20.20 - 25 40 pm 
25.40 - 32.00 pm and 32.00 - 40.32 pm with the proviso that the upper limit value is not included for each channel. 

(9) Dielectric loss (tangent) of a toner 

[0179] Calculated from a complex dielectric constant measured at a frequency of 1 00 kHz by using a holder (elec- 
trodes) for dielectric measurement ("4284A Precision LCR Meter", made by Hewlett-Packard Corp.) after calibration 
at frequencies of 1 kHz and 1 kHz. 

[0180] For measurement, a toner in an amount of 0.5 - 0.7 g is weighed and molded into a disk-shaped sample of 
25 mm in diameter and 0.5 - 0.9 mm in thickness by applying a pressure of 39200 kPa (400 kg-f/cm2) for 2 min The 
sample is set in a viscoelasticity-measurement apparatus ("ARES", made by Rheometrics Scientific F.E.) of which the 
25 mm-dia. holder has been replaced with the dielectric measurement holder (electrodes) ("LCR Meter") and melt- 
set by heating up to 150 °C, followed by cooling down to 25 °C. The measurement is performed at a frequency of 1 00 
kHz while constantly applying a load of 0.49 - 0.98 N (50 - 1 00 g) to the sample and heating at a rate of 1 ^C/min up 
to 160 °C. The measurement is performed at 1 5 sec. intervals. The measurement is performed three times by changing 
the measurement samples for each toner and an average of the three measured values is taken. 

(10) OH value (hydroxy! value) 

[0181] Measured according to JIS K0070. 

[0182] Ca. 0.5 g of a sample is accurately weighed into a 1 00 ml-volumetric flask, and 5 ml of an acetylating agent 
is accurately added thereto. Then, the system is heated by dipping into a bath of 1 00 °C ± 5 "C. After 1 - 2 hours, the 
flask is taken out of the bath and allowed to cool by standing, and water is added thereto, followed by shaking to 
decompose acetic anhydride. In order to complete the decomposition, the flask is again heated for more than 10 min 
by dipping into the bath. After cooling, the flask wall is sufficiently washed with an organic solvent. The resultant liquid 
is titrated with a N/2-potassium hydroxide solution in ethyl alcohol by potentiometric titration using glass electrodes. 

(11) Toner particle circularity 

[0183] Circularity (Ci) of each toner particles is calculated according to the following formula: 

Circularity Ci = Lq/L 
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wherein L represents a peripheral length of a projection image (two-dimensional image) of an individual particle, and 
L-o represents a peripheral length of a circle giving an identical area as the projection image. 

[0184] The circularity values described herein are based on values measured by using a flow-type particle image 
analyzer ("FPIA-1000", available from Toa lyou Denshi K.K.). 
5 [0185] The details of the measurement is described in a technical brochure and an attached operation manual on 
"FPIA-1000" published from Toa lyou Denshi K.K. (June 25, 1995) and JP-A 8-136439 (U.S. Patent No. 5721433). 
The outline of the measurement is as follows. 

[0186] For an actual measurement of circularity by using the FPIA-measurement, 0.1 - 0.5 ml of a surfactant (pref- 
erably an alkylbenzenesulfonb acid salt) as a dispersion aid is added to 1 00 to 1 50 ml of water from which impurities 

io have been removed, and ca. 0.1 - 0.5 g of sample particles are added thereto. The resultant mixture is subjected to 
dispersion with ultrasonic waves (50 kHz, 120 W) for 1 - 3 min. to obtain a dispersion liquid containing i 2,000 - 20,000 
particles/u.l and the dispersion liquid is subjected to measurement of a circularity distribution with respect to particles 
having a circle-equivalent diameter (Q. E.D. = Lq/ti) in the range of 0.60 um to below 159.21 u.m by means of the above- 
mentioned flow-type particle image analyzer. 

is [0187] A sample dispersion liquid is caused to flow through a flat thin transparent flow cell (thickness = ca. 200 u.m) 
having a divergent flow path. A strobe and a CCD camera are disposed at mutually opposite positions with respect to 
the flow cell so as to form an opticabpath passing across the thickness of the flow cell. During the flow of the sample 
dispersion liquid, the strobe is flashed at intervals of 1/30 second each to capture images of particles passing through 
the flow cell, so that each particle provides a two-dimensional image having a certain area parallel to the flow cell. 

20 From the two-dimensional image area of each particle, a diameter of a circle having an identical area (an equivalent 
circle) is determined as a circle-equivalent diameter (CED = Lrfn. Further, for each particle, a peripheral length (Lq) of 
the equivalent circle is determined and divided by a peripheral length (L) measured on the two-dimensional image of 
the particle to determine a circularity Ci of the particle according to the above-mentioned formula. 

25 (1 2) Methanol wettability (W MeOH ) of inorganic fine powder 

[0188] The methanol wettability of inorganic fine powder externally added to a toner can be measured by using a 
powder wettability tester ("WET-100P", made by K.K. Resuka). For the measurement, 50 ml of pure water (deionized 
water or commercially available purified water) is placed in a 100 ml-beaker, and 0.2 g of an inorganic fine powder 
30 sample is accurately weighed therein. Into the system under stirring, methanol is added dropwise thereto at a rate of 
3 ml/min. If the inorganic fine powder begins to sink and be dispersed in the aqueous solution the transmittance through 
the solution is lowered, and the amount of added methanol (ml) up to that time is measured as a methanol wettability. 

[Examples] 

35 

[0189] Hereinbelow, the present invention will be described more specifically based on Examples, which however 
should not be construed to restrict the scope of the present invention in any way. 

(Modified waxes) 

40 

[01 90] Some of base waxes having characteristics as shown in the following Table 2 were modified to produce mod- 
ified waxes. 



Table 2: 



Base waxes 


Name 


Type 


*2Tabs 


*3 Mp 


Mw/Mn 


Wax (a) 


polyethylene 


94 (°C) 


810 


1.2 


Wax(b) 


Fischer-Tropsche 


106 (°C) 


970 


1 .5 


Wax(c) 


long chain *1 alky I alcohol 


100 (°C) 


860 


1.8 


Wax(d) 


polypropylene 


148 (°C) 


4100 


9.2 



*1 : Having an alkyl group of averagely 40 carbon atoms. 
*2: Heat -absorption peak temperature. 
*3: Peak-molecular weight 
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<Production Example 1> 

[0191] Into 200 wt. parts of xylene, 100 wt. parts of Wax (b) (Fischer-Tropsche wax) was added, and the mixture 
was heated to 110 °C under stirring. Into the mixture being aerated with nitrogen, 3 wt. parts of styrene monomer and 
0.8 wt. part of 2,2 , -bis(4,4-di-t-butylperoxycyclohexyl)propane (polymerization initiator, were added dropwise in 1 hour. 
After the addition, the system was further stirred for 3 hours and heated to a reflux temperature. Thereafter, the solvent 
xylene was distilled off under a reduced pressure to obtain Modified wax (W-1), which exhibited a peak molecular 
weight (Mp) of 950, a ratio Mw/Mn of 25, and a heat-absorption peak temperature (Tabs) of 97 °C. 
[0192] The characteristics of Modified wax (W-1 ) are summarized in Table 3 together with those of modified waxes 
obtained in the following Production Examples. 

<Production Examples 2 - 8> 

[0193] Modified waxes (W-2) to (W-8) were obtained in the same manner as in Production Example 1 except for 
using laser waxes and wax-modifying monomers as shown in Table 3. 



Table 3: 



Modified wax 


Modified wax 


Base wax 


*1 Modifying monomers (wt.parts) 


Modified wax properties 


Sty 


MBM 


MAH 


PE 


Mg 


Mw/Mn 


Tabs. (°C) 


W-1 


(b) 


35 








950 


2.5 


103 


W-2 


(b) 


60 








930 


3.1" 


101 


W-3 


(b) 


15 








970 


2.3 


104 


W-4 


(b) 


35 


5 






930 


3.4 


99 


W-5 


(b) 


35 


5 




5 


880 


4.7 


96 


W-6 


(a) 






30 




710 


5.7 


86 


W-7 


(a) 


35 


5 






760 


2.6 


96 


W-8 


(a) 
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740 


2.4 


92 



* 1 : Sty = styrene 

MBM = monobutyl maleate 
MAH = maJeic anhydride 
PE = polyester 



(Binder resins) 
<Production Example 1> 

[0194] An unsaturated polyester (1) (acid value (Av) = 22 mgKOH/g, hydroxyl value (OHv) = 34 mgKOH/g, peak 
molecular weight (Mp) = 9000, glass transition temperature (Tg) = 53 °C) was prepared from 30.5 mol % of terephthalic 
acid, 3.5 mol. % of fumaric acid, 13 mol.% of trimellitic acid, 15 mol.% of alkenylsuccinjc acid (having alkenyl groups 
of averagely 12 carbon atoms), 24 mol. % of bisphenol A derivative represented by the above-mentioned formula (2) 
(R = ethylene group, x+y = 2.4) and 24 mol. % of bisphenol A derivative represented by the formula (2) (R = propylene 
group, x+y = 2.2). Separately, a saturated polyester (Av = 20 mgKOH/g, OHv = 33 mgKOH/g, Mp = 9300, Tg = 54 °C) 
was prepared from 34 mol.% of terephthalic acid, 1 3 mol.% of trimellitic acid, 1 5 mol.% o alkenylsuccinic acid (having 
alkenyl groups of averagely 1 2 carbon atoms), 24 mol. % of bisphenol A derivative represented by the above-mentioned 
formula (2) (R = ethylene group, x+y = 2.4) and 24 mol. % of bisphenol A derivative represented by the formula (2) (R 
= propylene group, x+y = 2.2). 

[0195] In a reaction vessel equipped with a reflux pipe, a stirrer, a thermometer a nitrogen intake pipe, a dropping 
device and a reduced pressure device, 25 wt. parts of the unsaturated polyester (1), 75 wt. parte of the saturated 
polyester and 9.5 wt parts of Modified wax (W-1) were mixed together with 200 wt. parts of xylene, and a monomer 
mixture for providing a vinyl polymer unit comprising 73 wt. parts of styrene, 21 wt. parts of butyl acrylate, 6 wt. parts 
of monobutyl maleate and 2 wt. parts of di-t-butyl peroxide (polymerization initiator) was added thereto to effect 8 hours 
of radical polymerization at a xylene-reflux temperature, thereby forming a solution mixture containing Hybrid resin (1 ) 
formed by grafting a vinyl polymer onto the unsaturated polyester, the saturated polyester and the vinylpolymer. 
[0196] Thereafter, the xylene was distilled off under a reduced pressure to obtain a resin composition principally 
comprising Hybrid resin (1 ) prepared above, Hybrid resin (2) formed by an ester reaction of a hydroxyl group in Hybrid 
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tesin (1 ) with a carboxylic acid or acid anhydride formed by elimination of butanol from the butyl acrylate and the 
monobutyl maleate constituting the vinyl polymer unit, Hybrid resin (3) formed by an ester reaction of the saturated 
polyester and the vinyl polymer similarly as the formation of Hybrid resin (2), and Modified wax (W-1 ). This resin com- 
position (referred to as Hybrid resin composition (HB-1)) exhibited Mp = 11000, Tg = 55 °C, Av= 17 mgKOH, OHv = 
s 14 mgKOH/g and a THF-insoluble content (TFHins) of ca. 28 wt. %. 

<Production Examples 2 - 8> 

[0197] Hybrid resin compositions (HB-2) to (HB-8) were prepared in the same manner as in Production Example 1 
10 except for using Modified waxes (W-2) to (W-8), respectively, instead of Modified wax (W-1). 

<Production Example 9> 

[0198] Hybrid resin composition (HB-9) was prepared in the same manner as in Production Example 1 except for 
15 omitting Modified wax (W-1 ). 

<Production Example 10> {i . 

[0199] - In a reaction device similarto the one used in Production Example 1 , 200 wt. parts of xylene was placed, and 
20 a monomer composition comprising 80 wt. parts of styrene, 1 8 wt. parts of butyl acrylate, 1 .5 wt. parts of monobutyl 
maleate, 0.5 wt. part of divinylbenzene and 2.0 wt. parts of di«t-butyl peroxide (polymerization initiator) was added 
thereto and subjected to 12 hours of polymerization at a reflux temperature under nitrogen stream. Then, the xylene 
was distilled off under a reduced pressure to obtain a vinyl polymer exhibiting Mw = 2.8x1 0 5 , Mw/Mn = 27.3 and Av = 
2.3 mgKOH/g. 

25 

<Production Example 11 > 

[0200] 26 mol. % of terephthalic acid, 7 mol. % of trimellitic anhydride, 1 6 mol. % of dodecenylsuccinic acid and 45 
mol. % of bisphenol A derivative of the above-mentioned formula (2), were reacted to prepare a polyester resin, which 
30 exhibited Mw = 8.7x1 0* Mw/Mn = 13.5, and Av = 10.1 mgKOH/g. 

<Production Example 12> 

[0201] Hybrid resin composition (HB-1 0) was prepared in the same manner as in Production Example 1 except for 
35 adding 9.5 wt. parts of Wax (c) shown in Table 2 instead of Modified wax (W-1 ). 

<Production Example 13> 

[0202] Hybrid resin composition (HB-11) was prepared in the same manner as in Production Example 1 except for 
40 adding 9.5 wt. parts of Wax (d) shown in Table 2 instead of Modified wax (W-1). 

Example 1 

[0203] 

45 



Hybrid resin composition (HB-1) 


1 04.5 wt. parts 


Charge control agent 


2 


(organic iron compound formed of 2 mol of the monoazo compound of the formula (4) and 1 mol 




of iron) 




Magnetic material 


90 


(D1 = 0.18 u.m, He = 9.6 kA/m, as = 83 Am 2 /kg, or = 15 Am 2 /kg) 





[0204] The above ingredients were melt-kneaded by a twin-screw extruder heated at 1 30 °C. After being cooled, the 
kneaded product was coarsely crushed by a cutter mill to obtain Powdery feed (1 ) containing 97 wt. % of 18 mesh- 
pass and 92 wt. % of 1 00 mesh-on. 

[0205] Powdery feed (1) was then subjected to pulverization and classification in an apparatus system having an 
organization as shown in Figure 6. A mechanical pulverizer 201 (Turbomill T-250", made by Turbo Kogyo K.K.) in- 
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eluding a rotor 314 and a stator 30 (shown in Figures 8 and 9) with a gap of 1 .5 mm therebetween was operated at a 
peripheral speed of the rotor 314 of 115 mm/sec. 

102061 thiS me Powdery feed was supplied for pulverization at a rate of 40 kg/h to the mechanical pul- 

verizer 201 via a table-type first metering feeder 215. The pulverized feed from the mechanical pulverizer 201 was 
accompanied with suction air to be collected by a cyclone 229 and introduced to a second metering feeder 262 The 
inlet temperature and the outlet temperature of the mechanical pulverizer 201 were -10 °C and 46 °C respectively 
givingatemperaturedifferenceATtherebetweenofS^^ exhibited 

J"* - J*? a "? 3 Sha,P PartiC ' e SiZe distribution as represented by 28 % by number of particles of at most 4 0 urn 
and 2.8% by volume of particles of at least 10.1 um. 

[0207] The pulverizate from the mechanical pulverizer 201 was then supplied at a rate of 44 kg/h via the second 
metering feeder 262, a vibration feeder 263 and a feed supply nozzle 276 to a multi-division pneumatic classifier 61 
having a structure shown in Figure 10, where the pulverized feed was classified into three fractions of a coarse powder 
a medium powder and a fine powder. For the classification, the pulverized feed was introduced into the classifier 61 
by utjhz.ng a i gas stream through a feed supply nozzle 76 caused by evacuation through at least one of discharge ports 
71 72 and 73, and also a compressed air ejected out of a high-pressure air supply nozzle 96. The thus-introduced 
pulverized feed was classified into coarse powder G, medium powder M-1 and fine powder. 

[( ! o 081 ., I"! 6 °° arSe P ° Wder G Was collected °y a eye'one 266 and recycled to the mechanical pulverizer 201 at a rate 
of 2.0 kg/h for re-pulverization. 

feedfof 88 % iUm P ° Wder re ° 0Vered at classificatior < V^ld (ratio of the medium powder to the total powdery 

[0210] Medium powder (M-1 ) in 100 wt. parts was blended with 1 .0 wt. part of hydrophobic silica fine powder (BET 
specific surface area (S BET ) = 300 rrvVg, methanol wettability (W MeOH ) = 92 %) by a Henschel mixer to obtain Toner 1 
of the present invention. 

[021 1] Toner 1 exhibited D4 = 7.6 jtm, a sharp particle size distribution as represented by 8.5 % by volume of particles 
of at least 10.1 um and contained 77 % by number of particles showing a circularity (Ci) of at least 0 950 (Ci § 0 950) 
,?„I° ner 1 exhlDited a d 'electric loss tangent (tan 5) characteristic showing a maximum (tanS.max) of 7 6x10 2 
at 112 °C and a DSC heat-absorption peak temperature (Tabs.) of 103 »C. Physical properties of Toner 1 are summa- 
rized in Table 1 together with those of toners prepared in the following Examples. 

[0212] Toner 1 was subjected to evaluation of image forming performances by continuous image formation on 105 
sheets in each of normal temperature/normal humidity environment (23 °C/55 %RH), normal temperature/low humidity 
environment (23 °C/5 % RH) and high temperature/high humidity environment (30 °C/80 %RH) by using a commercially 
available copying machine ("NP-6085", made by Canon K.K.) including a hot-roller fixation device operated at a fixing 
temperature of 1 85 X and at a process speed of ca. 500 mm/s. The results of evaluation are shown in Table 5 together 
with those of the following Examples. 

Example 2 

[0213] Toner 2 was prepared and evaluated in the same manner as in Example 1 except that the rotor 31 4 of the 
mechanical pulverizer was operated at a peripheral speed of 1 24 mm/sec. Toner 2 exhibited D4 = 6.8 itm, contained 
3.0 /o by volume of particles of at least 10.1 urn and contained 81 .9 % by number of particles of Ci a 0.950. 

Example 3 

[0214] Toner 3 was prepared and evaluated in the same manner as in Example 1 except that the rotor 31 4 of the 
o 3 "' pulverizer was operated at a peripheral speed of 105 mm/sec. Toner 3 exhibited D4 = 9.3 urn contained 
30.6 /o by volume of particles of at least 10.1 urn and contained 72.1 % by number of particles of Ci > 0.950. 

Examples 4-10 

[0215] Toners 4 to 10 were prepared and evaluated in the same manner as in Example 1 except for using Hybrid 
resin compositions (HB-2) to (HB-8), respectively, instead of Hybrid resin composition (HB-1 ). 

Example 1 1 

[0216] Toner 11 was prepared and evaluated in the same manner as in Example 1 except for replacing Hybrid resin 
composition (HB-1) with 1 00 wt. parts of Hybrid resin composition(HB-9) and 9.5 wt. parts of Modified wax (W-1 )■ 
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Comparative Example 1 

[0217] Comparative medium powder (RM-1) was prepared in the same manner as in Example 1 except for using 
109.5 wt. parts of Hybrid resin composition (HB-10) instead of Hybrid resin composition (HB-1). Comparative medium 
powder (RM-1) contained a large amount of fine particles (assumed to have particle sizes of below 1 urn) not separ- 
atable by the classification step. As a result of observation through a scanning electron microscope, a large amount 
of fine particles assumed to comprise a magnetic material were observed. 

[0218] By using Comparative medium powder (RM-1) instead of Medium powder (M-1) to be blended with the same 
hydrophobic silica fine powder as in Example 1, Comparative toner 1 was prepared. Comparative toner 1 exhibited 
D4 = 7.1 u,m, contained 22.3 % by volume of particles of at least 1 0.1 ujti, and contained 67 % by number of particles 
of Ci ^ 0.950. Toner 1 also exhibited tanS.max = 2.3x1 0' 2 at 1 06 °C and Tabs. = 1 00 °C. 

[0219] Comparative toner 1 was evaluated in the same manner as in Example 1 and the results are also shown in 
Table 1 together with those of the following Comparative Examples. 

Comparative Example 2 

[0220] Comparative toner 2 was prepared and evaluated in the same manner as in Example 1 except for using 1 09.5 
wt. parts of Hybrid resin composition (HB-1 1 ) instead of Hybrid resin composition (HB-1 ). Comparative toner 2 exhibited 
tanS.max = 5.3x10" 2 at 109 °C and Tabs. = 144 °C. 

Comparative Example 3 

[0221] Comparative toner 3 was prepared in a similar manner as in Example 1 but by subjecting Powdery feed (1) 
to pulverization and classification in a system shown in Figure 11 and including an impingement-type pneumatic pul- 
verizer shown in Figure 1 3 as the pulverizing means in addition to a first classification means having an organization 
shown in Figure 12 and a second classification means having an organization shown in Figure 10. 
[0222] To supplement the apparatus organization; in the impingement-type pneumatic pulverizer shown in Figure 
13, an impingement member 664 is disposed opposite to an outlet port 663 of an acceleration pipe 662 connected to 
a high-pressure gas feed nozzle 661 , a powdery material is sucked through a powder material feed port 665 formed 
intermediate the acceleration tube 662 into the acceleration tube 662 under the action of a high-pressure gas supplied 
to the acceleration pipe, and the powder material is ejected from the outlet port 663 together with the high-pressure 
gas to impinge onto the impinging surface 666 of the impingement member 664 to be pulverized under the impact. 
The pulverized product is discharged out of a discharge port 667. 

[0223] The classification apparatus shown in Figure 1 2 includes a tubular main casing 401 and a lower casing 402, 
to a lower part of which is connected a hopper 403 for discharging coarse powder. Inside the main casing 401, a 
classifying chamber 404 is formed and defined by an annular guide chamber 405 and a conical (or umbrella-shaped) 
upper cover 406 having a highest portion at its center. 

[0224] A plurality of louvers 407 are arranged at a partitioning wall between the classifying chamber 404 and the 
guide chamber 405 so as to introduce therethrough a powdery material and air introduced into the guide chamber 405 
to the classifying chamber 404 as a whirling stream. 

[0225] The upper part of the guide chamber 405 comprises a space between a conical upper casing 413 and the 
conical upper cover 406. At a lower part of the main casing 401 , classifying louvers 409 are arranged in a circumferential 
direction so as to introduce therethrough a classifying air entering from outside into the classifying chamber as a whirling 
stream. At a bottom part of the classifying chamber 404, a conical umbrella-shaped classifying plate 410 having a 
higher portion at its center is disposed, and surrounding the classifying plate 41 0 : a coarse powder discharge port is 
disposed. At the central part of the classifying plate 410, a fine powder discharge chute 412 is connected having a 
lower end bent in a character L-shape and projected out of the side wall of the lower casing 402. The chute 412 is 
connected to a suction fan via a fine powder recovery means such as a cyclone or a dust collector, so that the suction 
air is introduced by the suction fan through the louvers 409 into the classifying chamber to cause a whirling stream 
required for the classification. 

[0226] In operation, a coarsely crushed product for toner production together with conveying air is introduced through 
a feed tube 408 into the guide chamber 405, is passed through the louvers 407 and enters the classifying chamber 
404 at a uniform density while causing a whirling stream. 

[0227] The whirling coarsely crushed product stream having entered the classifying chamber 404 enhances its whirl- 
ing by the action of a suction air caused by the suction fan connected to the fine powder discharge chute 413 and 
passing through the classifying louvers 409 below the classifying chamber 404, whereby the coarsely crushed powder 
is separated by a centrifugal force acting on the individual particles into coarse powder and fine powder. The coarse 
powder whirling as an outer stream within the classifying chamber 404 is discharged through the coarse powder dis- 
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charge port 41 1 and the lower hopper 403 to be discharged out of the apparatus and recycled to the pulverizing means. 
[0228] On the other hand, the fine powder moving along the upper slope of the classifying plate 410 toward the 
center is discharged through the fine powder discharge chute 412. The discharged fine powder is further classified 
into the second classifying means to provide medium powder recovered as a toner. 

[0229] Comparative medium powder (RM-1 ) was thus obtained by pulverization and classification by the system of 
Figure 11 and was blended with the same hydrophic silica fine powder as used in Example 1 to obtain Comparative 
toner 3. Comparative toner 3 exhibited D4 = 7.8 u/n, contained 5.3 % by volume of particles of at least 10.1 ^tm, and 
contained 62 % by number of particles of Ci ^ 0.950. Comparative toner 3 further exhibited tanS.rnax = 4 9x1 0' 2 at 
1 1 0 °C and Tabs. = 1 03 °C. 

Comparative Example 4 



[0230] Comparative medium powder (RM-3) prepared in Comparative Example 3 was surface-treated by using an 
impact-type surface treatment apparatus (as disclosed in U.S. Patent No. 6033817) to provide Comparative medium 
is powder (RM-4). 

[0231] Comparative toner 4 was prepared and evaluated by using Comparative medium powder (RM-4) instead of 
medium powder (M-1) otherwise in the same manner as in Example 1 . Comparative toner 4 exhibited D4 = 7.8 u.m, 
contained 22 % by number of particles of at most 4.0 u,m and 7.9 % by volume of particles of at least 10.1 urn, and 
contained 78.9 % by number of particles of Ci > 0.950. Comparative toner 4 also exhibited tanS.max = 4 4x1 0 2 at 1 29 
20 °c and Tabs. = 1 03 °C. 

Comparative Example 5 



[0232] Comparative toner 5 was prepared and evaluated in the same manner as in Example 1 except for using the 
vinyl copolymer prepared in Production Example 10 instead of hybrid resin composition (HB-1). 

Comparative Example 6 

[0233] Comparative toner 6 was prepared and evaluated in the same manner as in Example 1 except for using the 
polyester resin prepared in Production Example 1 1 instead of Hybrid resin composition (HB-1 ). 
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£0234] Wax dispersion in Table 4 was evaluated in the following manner. 

[0235] A toner sample was observed through an optical microscope (at a magnification 30 - 100) equipped with a 
polarizer, and the number of shining spots (each representing an isolated wax particle) was counted per 500 toner 
particles. Base on the number of shining spots, the evaluation was performed according to the following standard. 

5 

A: no shining spots 

B: 1 - 10 spots (practically of no problem) 
C: 11 - 20 spots (resulting in some fog) 

D: 21 - 30 spots (resulting in wax attachment on the photosensitive drum) 
10 E: more than 30 spots (resulting in attachment of both wax and toner on the photosensitive drum) 

[0236] The results of toner performances shown in Table 5 are based on evaluation methods and standards described 
below. 

*5 (1) i.d. (image density) 

[0237] Image density was measured at the initial stage and final stage of the continuous Image formation on 10 5 
sheets and additionally at an initial stage after standing for 2 days after the continuous image formation test in some 
cases, as a reflection density of a 5 mm-dia. circle image by using a Macbeth densitometer (made by Macbeth Co.) 
20 with an SPI filter. 

(2) Toner attachment 

[0238] After the continuous image formation on 10 5 sheets in the environment of 23 °C/55 %RH, toner attachment 
25 onto the fixing member was observed with eyes and correlated with soiling on the recorded images. The evaluation 
was performed according to the following standard. 

A: No toner attachment at all. 
B: Slightly observed but practically acceptable. 
30 C: Easily recognizable with eyes. ? 

D: Remarkable attachment. 

E: Toner attachment also observed on the front or rear surface of the recording sheet. 

(3) Fog 

35 

[0239] The whiteness (reflectance) was measured at white ground portions of blank white paper and the paper after 
image formation by using a reflectometer ("MODEL TC-6DS", made by Tokyo Denshoku K.K.), and the evaluation was 
performed based on a fog density (%) determined as a difference in the measured whiteness values according to the 
following standard. The fog evaluation was performed at an initial stage and a final stage during the continuous image 
^o formation in the environment of 23 °C/5 %RH. 

A: Below 3 % 
B: 3 to below 5 % 
C: 5 to below 7 % 
D: 7 to below 10 % 
E: 10% or higher 

(4) Fixability 

so [0240] A fixed toner image at a halftone image density of 0.8 formed after the continuous image formation in the 
environment of 23 °C/55 %RH was rubbed with lens cleaning paper for 5 reciprocations under load of 50 /cm 2 , and 
the density lowering (%) by the rubbing is measured and evaluated according to the following standard. 

A: Below 5 % 
55 B: 5 to below 10% 

C: 10 to below 15% 
D: 15 to below 20% 
E: 20 % or higher 
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(5) Anti-offset 



[0241] The occurrence of hot-temperature offset was evaluated at the time of image formation after the continuous 
image formation by observation of the fixing roller surface and traces on the recorded paper. The evaluation was 
performed according to the following standard. 



A: No occurrence at all. 

B: Slightly occurred but at a practically acceptable level. 

C: Easily recognizable with eyes. 

D: Noticeable offset occurred. 

E: Paper winding about the fixing roller 

(6) Anti-block 



is [0242] 1 0 g of a sample toner was placed in a 1 00 cc-plastic cup and left to stand for 5 hours in a thermostat vessel 
controlled at 50 °C. The f lowability of the cup after the standing was observed with eyes and compared with that before 
the standing. The evaluation was performed according to the following standard. 

A: No change in flowability at all. 
20 B: Slightly inferior flowability before the standing. 

C: Partial agglomerate observed at an easily collapsile level. 
D: Wholly agglomerated but easily collapsible. 
E: Wholly agglomerated and not easily collapsible. 

25 

Claims 



1 . A toner comprising: at least a binder resin, a colorant and a wax, wherein 

30 ( a ) tne toner exhibits a dielectric loss tangent showing a maximum of 6.0x1 0' 2 to 1 0.0x1 0 2 in a temperature 

range of 90 to 125 °C, 

(b) the toner provides a DSC curve showing at least one heat-absorption peak or shoulder in a temperature 
range of 85 to 140 °C on temperature increase according to differential scanning calorimetry (DSC), and 

(c) the binder resin comprises a hybrid resin having a vinyl polymer unit and a polyester unit. 

35 

2. The toner according to Claim 1 , wherein the maximum of dielectric loss tangent occurs in a temperature ranqe of 
95 to 120 °C. 

3. The toner according to Claim 1 , wherein the maximum of dielectric loss tangent occurs in a temperature ranqe of 
40 100 to 115 °C. 



4. The toner according to Claim 1 , wherein the maximum of dielectric loss tangent is in a range of 6.5x1 0" 2 to 9.0x1 0 2 . 

5. The toner according to Claim 1 , wherein the maximum of dielectric loss tangent is in a range of 6.9x1 0" 2 to 8^0x1 0" 2 

6. The toner according to Claim 1 , wherein the DSC curve of the toner shows at least one heat-absorption peak or 
shoulder in a temperature range of 90 - 1 35 °C. 

7. The toner according to Claim 1 , wherein the DSC curve of the toner shows at least one heat-absorption peak or 
shoulder in a temperature range of 95 - 130 °C. 

8. The toner according to Claim 1 , wherein the toner contains toner particles of at least 3 including at least 70 % 
by number of particles having a circularity (Ci) of at least 0.950. 

9. The toner according to Claim 1 , wherein the toner contains toner particles of at least 3 \xm including 70 to 95 % 
by number of particles having a circularity (Ci) of at least 0.950. 

10. The toner according to Claim 1 , wherein the toner has an acid value of 1 to 30 mgKOH/g. 
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11. The toner according to Claim 1 , wherein the binder resins has a THF-(tetrahydrofu ran) -insoluble matter in a pro- 
portion of 5 to 60 wt. % thereof. 

12. The toner according to Claim 1 , wherein the binder resins has a THF-(tetrahydrofuran)-insoluble matter in a pro- 
5 portion of 1 0 to 50 wt. % thereof. 

13. The toner according to Claim 1 , wherein the binder resin contains a THF (tetrahydrofuran)-soluble matter providing 
a chromatogram by gel permeation chromatography (GPC) showing a main peak in a molecular weight range of 
3000 to 15000 and a ratio (Mz//Mw) of 30 to 1 000 between z-average molecular weight (Mz) and weight-average 

10 molecular weight (M w) . 

14. The toner according to Claim 1 , wherein the toner contains a charge control agent. 

1 5. The toner according to Claim 1 4, wherein the charge control agent is an organic aluminum compound or an organic 
*5 iron compound. 

16. The toner according to Claim 1 , wherein the wax comprises hydrocarbon wax, polyethylene wax or polypropylene 
wax. 

20 17. The toner according to Claim 1, wherein the wax has been modified with styrene, monobutyl maleate or maleic 
anhydride. 

18. The toner according to Claim 1 , wherein the toner has a weight-average particle size of 4 to 1 0 jxm and contains 
below 50 % by volume of particles of 10.1 u,m or larger. 

25 

19. The toner according to Claim 1, wherein the toner contains a flowability-improving agent having a BET specific 
surface area of at least 30 m 2 /g as an external additive. 

20. The toner according to Claim 1 , wherein the toner contains a flowability-improving agent having a methanol wet- 
30 tability of at least 30 % as an external additive. 

21. The toner according to Claim 1 , wherein the toner contains a flowability-improving agent having a BET specific 
surface area of at least 30 m 2 /g and a methanol wettability of at least 30 % as an external additive. 

35 22. The toner according to Claim 1 , wherein the toner is a magnetic toner. 

23. An image forming apparatus, comprising: 

(I) a developing step of developing an electrostatic image carried on an image-bearing member with a toner 
40 to form a toner image;; 

(II) a transfer step of transferring the toner image on the image-bearing member onto a recording material via 
or without via an intermediate transfer member; and 

(III) a fixing step of heat-fixing the toner image onto the recording material; 

45 wherein the toner is a toner according to any one of Claims 1 to 22. 

24. A process-cartridge detachably mountable to a main assembly of an image forming apparatus for forming a toner 
image by developing an electrostatic latent image formed on an image-bearing member, 

wherein said process-cartridge includes (i) an image-bearing member, (ii) a developing means for developing 
so an electrostatic latent image carried on the image-bearing member with a toner to form a toner image on the image- 

bearing member, and (iii) at least one means selected from the group consisting of a charging means for charging 
the image-bearing member, a latent image-forming means for forming the electrostatic latent image on the image- 
bearing member, a transfer means for transferring the toner image onto a recording material, and a cleaning means 
for removing a portion of toner remaining on the image-bearing member after transfer of the toner image onto the 
55 recording material, and 

the toner is a toner according to any one of Claims 1 to 22. 



31 



3NSDOCID: <EP ,_1 20581 GA2_I_> 



EP 1 205 810 A2 




32 

8NSDOCID: <EP 120581QA2_I_> 



EP 1 205 810 A2 



13 



f. 




77777 



7777T 



FIG. 2 



JNSDOCID: <EP 1 20581 0A2J_> 



33 



EP 1 205 810 A2 




BNSOOC1D: <EP 1 20581 OA2_l_> 



34 



EP 1 205 810 A2 



IMAGE READER 



IMAGE 
MEMORY 



CPU 



136 



137 



132^ 



.130 

131 

CONTROLLER 



Ol<^ 



RECEIVER 



133 



TRANS- 
MITTER 



PRINTER 
CONTROLLER 



138 



135 



"31 



LINE 







\ 


f 


PRINTER 



FIG. 4 



3NSDOCID: <EP 1 20581 0A2_I_> 



35 



EP1 205 810 A2 



O 

J ^ 

u en 

CD LU 
Q 
OOLU5: 
LUCDO 
JZQ. 

— cr lu 
h- z 
or uu — 

<CXU- 



O 

or 



a 

or 

CO 



— a: 

UJQ 
Qh-UU 
ZLULU 
CMSLu 



— or 

LUG 
I— J— UJ 
CO LULU 



x: or 

I— LU 

— O 

o 

coluo. 
luo 

JZS 

— cr— 
h— a 

01 LULU 
<IS 



o 
<: 
a: 



o 

CVJ 



CO CO 

coz 
<«< 

_JLU 
OS 



0£O 
UU — CO 

>^-z 

^IXJLU 
Q- — S 



0_J 
>- LU<< 

cr x — 

LU CO Ql 
OODLU 

OUJO< 



or 

LU 
Q 



LU 
> 
O 
GO 

< S 

o 

coluo. 

LUO 
JZLU 

o<cco 
— orcr 

t < 
<xo 



z 

o 



o 
<c 

LL. 



CO 



lO 
CD 



BNSOOC1D: <EP 1 20581 0A2J_> 



36 



EP 1 205 810 A2 



<o 

CM 



v3 ca 



CD 

CD 
O 

ce: 

LU 



CM 
CD 
CM 



LU A 
UJO 

— o 



CO 
CO 

CNJ 



co 

CO 
CM 



CO 
CM 
1 — 
CM 



CO 
CO 
CM 



CO 
CM 
CM 



CO 
CO 

<c 
—J 

o 



^CO 
CM 



uj cn 

CO LU 

<3: 
OO 



CO 



Q/ V — 
OO 00 



or 

LU 

o 

o 



CO 




37 

3NSDOCID: <EP 1 20581 0A2_I_> 



EP 1 205 810 A2 



315— 




321 



COLD AIR 
GENERATOR 



COLD AIR- 



POWDERY FEED 



311 316 
220 



COOLING 
WATER 




KPULVERIZATE 

,302 




COLLIG D ' 
WATER 



FIG. 7 



BNSDOC1D: <EP 1205810A2J_> 



38 



EP 1 205 810 A2 




3NSDOCID: <EP 1 20581 0A2_1_> 



EP 1 205 810 A2 



95 




FIG. IO 



40 

.1 20581 QA2_I_> 



EP 1 205 810 A2 



CL' 
LU' 

COi 



Ol 



CO 
CO" 

—II 

Oi 

o] 
o 1 

Qi 
LUt 
C0| 





LU 


LU 


CD 


-J 




oz 


<£ 




cr 


V— IE 






LU 











COLU 




CO 




UJX 




CO 








<£ 




o 


— 


_l 




— SLU 






h-OO 








£TJZ 




o<: 


<UJ< 






LU 


cuooo: 




Csl 











CO LU 



O 
-LULU 

(TOZ 

<:co< 



Ql 
UJ 

:co 



<o 
o — 

— i— 
u_<t 

— M 
co — 
cooc: 

<LU 
-J> 

o_i 

CO 



or: 



CO 
CO 

<: 
_j 

oco 
I— < 

CO UJ 



UJ or 
COLU 

ceo 
oo 

OQ_ 



UJ 
LUQ 

— O 
U_Q_ 



CD 



ce 

UJ CO 

>z 



M_J 

— <: 
a: — 

LUCE 



41 



BNSOOCID: <EP iaOS810A2_l_> 



EP 1 205 810 A2 




BNSDOCID: <EP 120S81QA2_i_> 



42 



EP 1 205 810 A2 




FIG. 13 



INSDOCIO <EP 1205810A2_I_> 



43 



THIS PAGE BUNK* 8 ™ 



(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(88) Date of publication A3: 

18.06.2003 Bulletin 2003/25 

(43) Date of publication A2: 

15.05.2002 Bulletin 2002/20 

(21) Application number: 01125882.9 

(22) Date of filing: 30.10.2001 



(H) EP 1 205 810 A3 

EUROPEAN PATENT APPLICATION 

(51) intci7: G03G 9/08, G03G 9/087 



(84) 


Designated Contracting States: 


• Mizoh, Ruichi 




AT BE CH CY DE DK ES Fl FR QB GR IE IT LI LU 


Ohta-ku, Tokyo (JP) 




MC NL PT SE TR 


• Yoshikawa, Junko 




Designated Extension States: 


Ohta-ku, Tokyo (JP) 




AL LT LV MK RO SI 


• Kashiwabara, Ryota 


(30) 




Ohta-ku, Tokyo (JP) 


Priority: 31.10.2000 J P 2000333335 






30.11.2000 JP 2000364317 


(74) Representative: Bockelen, Rainer 

Tiedtke-Buhling-Kinne & Partner (GbR), 


(71) 


Applicant: CANON KABUSHIKI KAISHA 


TBK-Patent 




Ohta-ku, Tokyo (JP) 


Bavariaring 4 






80336 Mtinchen (DE) 


(72) 


Inventors: 


• 


Matsunaga, Satoshi 
Ohta-ku, Tokyo (JP) 





(54) Toner, image forming method and process-cartridge 



(57) A toner exhibiting good balance of low-temper- 
ature fixability, an anti-offset characteristic and a devel- 
oping performance in continuous image formation is 
formed of at least a binder resin, a colorant and a wax. 
The toner exhibits a dielectric loss tangent showing a 
maximum of 6.0x1 0 2 to 1 0.0x1 0 2 in a temperature 



range of 90 to 125 °C. The toner provides a DSC curve 
showing at least one heat-absorption peak or shoulder 
in a temperature range of 85 to 140 °C on temperature 
increase according to differential scanning calorimetry 
(DSC). The binder resin comprises a hybrid resin having 
a vinyl polymer unit and a polyester unit. 




Printed by Jouvo, 76001 PARIS (FR) 



3NSDOCID: <EP 1205810A3_I_> 



EP 1 205 810 A3 



European Patent PARTIAL EUROPEAN SEARCH REPORT Application Number 

Office which under Rule 45 of the European Patent Convention£p 01 12 5882 

shall be considered, for the purposes of subsequent 
proceedings, as the European search report 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (totCl.7) 



EP 0 898 204 A (CANON) 

24 February 1999 (1999-02-24) 

* claims 1,42-45 * 

US 5 728 501 A (H NAKANISHI) 
17 March 1998 (1998-03-17) 

* claim 1 * 



G03G9/08 
G03G9/087 



TECHNICAL FIELDS 
SEARCHED (mt.CL7) 



G03G 



INCOMPLETE SEARCH 



The Search Division considers thai the present application, or one or more of its claims, does/do 
nol comply with the EPC to such an extent that a meaningful search into the state of the art cannot 
be carried out or can only be carried out partially, for these claims. 

Claims searched cornptetery : 
Claims searched incompletely : 
Claims not searched : 
Reason for the limitation of the search: 

see sheet C 



Race of soared 

THE HAGUE 



Oat© of oompistioo of tho March 

23 April 2003 



Vanhecke, H 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant If taken atone 

Y : parlkxriarry relevant if combined with another 

document ol the same category 
A : technological background 
O ; non-written disclosure 
P : rntermediate document 



T : theory or principla underlying the invention 
E : earlier patent document, but published on, or 

alter trie fifing date 
D : document cited n the application 
L : document cited for other reasons 



& : member of the same patent tamty, ccrrespooduig 
document 



2 



BNSOOC1D: <EP 1205810A3_U 



EP 1 205 810 A3 



European Patent 
Office 



INCOMPLETE SEARCH 
SHEET C 



EP 01 12 5882 



Application Number 



Cla1m(s) searched Incompletely: 
1-24 

Reason for the limitation of the search: 

Present claims 1-24 relate to a product/apparatus defined (inter alia) by 
reference to the following parameter: 

PI: the dielectric loss tangent of the toner shows a maximum of 6.0 x 
10(-2) to 10.0 x 10(-2) 1n a temperature range of 90° to 125°C. 
The use of the dielectric loss tangent parameter in relation to a 
temperature variation, in the present context is considered to lead to a 
lack of clarity within the meaning of Article 84 £PC. It is impossible to 
compare the parameter the applicant has chosen to employ with what 1s set 
out in the prior art. The lack of clarity is such as to render a 
meaningful complete search impossible. Consequently, the search has been 
restricted to: Toners as dlflned 1n claim 1, characterised (Inter alia) 
by the dielectric loss tangent but unrelated to temperature values. 



EP 1 205 810 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 01 12 5882 



This annex lists the patent family members relating to the patent documents died in the above-mentioned European search report 
The members are as contained In the European Patent Office BOP ffle on 

The European Patent Office is In no way liable for these particulars which are merely given for the purpose of information. 

23-04-2003 



Patent document 
cited in search report 



Publication 
date 



Patent family 
member(s) 



Publication 
date 



EP 898204 



24-02-1999 CN 1218203 A 02-06-1999 

DE 69803254 01 21-02-2002 

DE 69803254 12 02-05-2002 

EP 0898204 Al 24-02-1999 

HK 1016701 Al 07-06-2002 

JP 2000056511 A 25-02-2000 

KR 266096 Bl 15-09-2000 

SG 79236 Al 20-03-2001 

US 5976752 A 02-11-1999 



US 5728501 



17-03-1998 



JP 
JP 
DE 
JP 
JP 
JP 
JP 



2972987 B2 
9127734 A 
19611731 
2979222 
9171271 
2987612 B2 
9211896 A 



Al 
B2 
A 



2 
g 

uj For more detafls about this annex : see Official Journal of the European Patent Office, No. 12/82 



08-11-1999 
16-05-1997 
24-04-1997 
15-11-1999 
30-06-1997 
06-12-1999 
15-08-1997 



\ yO: <EP 120581 0A3J_> 



